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ANTINEOPLASTIC HETERONAPHTHOQUINONES 
This invention relates to heterocyclic MrAthoqumone derivatives, to processes >nd to 
intennediaes for preparing these derivatives, to phannaceutital compositions containing them «nd to the 
use of these derivatives as antitumor agents in mammals. 

5 

BACKGROUND OF THE INVENTION 

Anthracycline antibiotics including doxorubicin and daunonibicin are important 
chanothenpeutic agents in the treatment of a broad spectrum of neoplastic conditions. While 
daunorobicin (1) is clinically used mainly against acute childhood and adult leukemic, doxorubicin (2), 
10 also known « .drimycta, 1»» «» wide* specu^ 

(Weiss. R.B., Smosy, C Oage*C«r, K., Russo, M. and LeyUnd-Jones, B., Cancer Chemother. 
Pharmacol.. IS, 185-197, 1986; Aicamone, P.. Doxorubicin, Academic Press, New York, 1980). 



(1) daunorubicin R = H 

(2) doxorubicin R-OH 



15 




The usefulness of known anthracycline antibiotics is compromised by dose limiting toxicities 
such as nivekjsuppwsaion (Crooke. S.K.. Anthracyclines; Current Status and New Developments, 
Academic Press. N.Y. 1980) mid canbotaricity (Olson, R.D. et al, Proc. Natl. Acad. Sci., USA 85 
20 3585-3589. 1988 and references therein) as well as the resistance from treated tumors (Mimnangh, E.G. 
et al. Cancer Research, 49, 8-15, 1989; McGmth, T. et al. Biochemical Pharmacology, 28 497-501, 
1989). In view of me proven effectiveness of known anthracyclines in the treatment of cancer, efforts 
have been undertaken to develop anthracycline analogs with either an improved therapeutic index or with 
reduced cross-resistance. 

25 Several thousand anthracycline derivatives have been obtained either from streptomyces 

biosynthesis or via the semisynthetic modification of known natural anthracycline antibiotics (Arcamone, 
F., Doxorubicin. Academic Press, N.Y. 1980; Thomson. R.H., Naturally Occurring Quinones HI: 
. Recent Advances, Chapman and Hall, New York 1987; Anthracyclines: Current Status and New 
Developments, Ac*iemic Press. New York. 1980; Brown, J.R. and Iman. S.H., Recent Studies on 

30 Doxorubicin and its Analogues. Prog. Med. Chem. 21 170-236, 1984; Brown, J.R. Adriamycin and 
Related Anthracycline Antibiotics, Prog. Med. Chem.. 15. 125-164. 1978). The majority of known 
antfaracyclmes show two types of structural differences: (i) the substitution pattern of the aglycone 
tetracyclic ring system, and (ii) the structure and number of glycosides attached at C-7 or C-10 
(doxoruncm numbering). Some examples of the structural diversity of anthracycline antibiotics are: 

1 
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R is COCH3 c»r C_CH or C_C-Si(CH 3 )3 
R 3 isHorCOCF3 

5 Pyr«KHuphtfaoqui^ 

potent antibacterial as well as antifungal activity (Moore, H.W. and Caemiak, R.» Medicinal Research 
Reviews. 1(3), 249-280, 1981 and references therein). 



K> O CH 





10 



H> O C3% 




Granaticin (g) has been reported to show antitumor activity (Chang, CJ., Floss, H.G., Soong, P.l and 
Chang. C.T., J. Antibiot., 28, 156. 1975). More recently thic>pyr«noanthr*ruiiKH»e © •*» 
pyranoanthraquinone (8) were found to possess antitumor activity (PCT, CA9100208). In contrast 
15 antitumor activity of other 9^-hateroMthr^lim* such as (9). (10), and (11) was not agnifiant 
(Heterocycles, 2£ <?), 341-5, 1987; Heterocycles 26 (4). 879-82. 1987). 





20 
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DESCRIPTION OF THE INVENTION 

5 

The present invention provides heteronaphthoquinones which are structurally distinguished from 
prior art compounds. 

More specifically, the compounds of the present invention are structurally distinguished from the 
prior art conmounds by having a tricyclic heteronaphthoquinone moiety fused to a hydroxyl group or 
10 alternatively to a sugar moiety. This structurally distinct class of compounds exhibits therapeutic 
activity t in partimlw antinnrrr mf 1 airt*"™"* activity- Some of the compounds are active against certain 
doxonibicirwesistant tumor cells, and are more potent in some cases man the corresponding tetracyclic 
heteroanthracycline cornpound. 

In one aspect of the invention, there is provided a compound of the formula (12): 

15 



20 




wherein 

Xj and X2 are independently selected from die group consisting of 

O, S, and N(R), wherein R is selected from the group consisting of hydrogen, hydroxyl, Cj.jg alkyi, 
25 C|.|5 acyl and C|.]5 aD^lamine. 

X 3 is selected from the group consisting of O, S, SO, SO2, and NR, wherein R is selected from the 
group consisting of hydroxyl, 

4 
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Cl-16 "V 1 * c l-16 aUc y 1 » c l-16 c l-16 ^oaeyU hydrogen. 
X4 is selected from the group consisting of C-Q, nitrogen, and NO. 

Kit R3, and Q are independently selected from the group consisting of hydrogen, hydroxyl, C M6 
alkyl, Cj^g alkoxyl, C^g cydoalkyl, tosyl, mesylate, acetate optionally substituted with a C). 
5 g alkyl, triflate, triflucroacetate, halogen, nitro, cyano, Cj.^ acyl, C^jg aiylacyl, 

annTOalkylaminoalc^ of formula NHCCH^NHCCH^mOH wherein n and m are 
independently 1 to 4, aminoalkylaininoalkylhalia^ of formula NHCCH^NHCCH^mX wherein 
n and m are independently 1 to 4 and X is a halogen, 
amino, which may be unsubstituted or mono or 
10 di-substitiited by C^g alkyl, C 3 .g cydoalkyl, acyl t trifluoroacyl, C 7 . 18 aralkyl and C^g 

aryl; C2.g alkenyl, and C^.g alkynyl, 

halcialkylnitrosoareido of the formula NH(CO)N(NO) (CH^ CH 2 X » herein nis0U>4andXisa 
halogen, and 

-NHCCH^ N R * R** wherein n is 1 to 6, R* and R** are in depe nde n tly selected from hydrogen, Cj.g 
15 alkyl, C^g aryl, C^ig aralkyl,. Cj^ acyl, and trifluoroacyl, 

a group of the fonnula -O-C(R)=0 wherein R is selected from the group consisting of hydrogen, 
alkyU C 3 .g cydoalkyl, alkoxyalkyl, C^jg aralkyl, C 7 . 18 araloxyalkyl, C^ig aryloxyalkyl and 

Co-is"^- 

Z is one of C-Rg or C-R7. 

20 R$ is selected from the group omsisting of Cj.jg hydroxime, C^jg hydraxone, Cy. l6 hydroxyalkyl, 
hydrogen, C^jg aryl, C^.jg aryloxyalkyl, C^g araloxyalkyl, phenyl, C M6 alkyl, acetoxy, Cj.jg 
dihydroxyalkyl, C^g alkenyl, C^g alkynyl, C^g cydoalkyl, squaric acid, C|. 16 alkyl squarate, amino, 
cyano, dimethylphosphonato, phenyl sulfone, Cj.g aryl sulfone, and 

Cj.g acetyl, agroup of the formula -C(R) ■» X* wherein X is sdected from the group consisting of two 
25 hydrogens, one hydrogen and R+ is selected from a Cl-8 alkyl, C2-8 alkenyl, C7-18 aralkyl, and O, or 
its rfinwftitw or dioxane or dialkoxy Cl-8 ketal, and wherein R is sdected from the group consisting of 
hydrogen, C M6 alkyl, Cj.g thioalkyl, C 3 _g cydoalkyl, C^jg aryl, Gj.jg aralkyl, fluoromethyl, 
difluoromethyl, Cj_g hydroxyalkyl, (4.16 alkene, squaric acid, C2. 16 alkyne, Cj.g thioalkyl, C^ig 
thioaryl, Cj^ alkyl squarate, C^.g alkoxyalkyl, C^. 1 g araloxyalkyl, C^jg acyloxyalkyl, Cj.g alkoxy, 
30 hydroxy, acetoxy methyl, bromomethyl, Cj.g aceto, amino which may be unsubstituted or mono- or di- 
substituted by hydrogen, Cj„g alkyl, C 3 _g cydoalkyl, C 1-8 acyl, trifluoroacyl, Cy.jg aralkyl, C 6 . 18 

a group of the formula -CHR* R**, wherein R* and R++ are independently sdected from the 
group f^«f«ri"f of Cj.g alkyl, hydrogen, PO (OR>2 wherein R is selected from the group 
35 consisting of hydrogen, Cj.g alkyl, Cj.g acyl, C^jg aryl, Cj.jg aralkyl, and 

a group of the formula -{CH^Z* wherein nisOto7andZ+is from the group consisting of 
hydrogen, C]_g acyl, C^jg aryl, C7_jg aralkyl, pyrolone, and a 5 or 6 membered aromatic or 
non-aromatic heterocycle containing one or more heteroatoms sdected from the group c onsi s t ing 
of O, S, N, SO, SO2, P, PO and NR wherein R is sdected from the group consisting of 

5 
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hydrogen, hydroxyl, C}.g acyl, alkyl and C£_i 2 aryl; 

■aid heterocycle being optionally substituted with one or more halogens, hydroxy, C$_jg aryl 
sulfone, C M6 alkoxy, C 1-16 alkyl, nitro, Ci. 16 hydroxyalkyl, 

amino, which may be unsubetituted or mono- or di-substituted by Cj.g alkyl, €3.3 cydoalkyl, 
5 C lm g acyl, trifluoroacyl, Oj An aralkyl, C^g aryl, C^g alkenyl. C2.8 alkynyl and hydroxy. 

Z* can also be a group of the formula -NR* R++ wherein R+ and R*+ are independently selected 
from the group consisting of hydrogen, C^g alkyl, Cj.g acyl, C^_ 18 aryl, Oj^ aralkyl, Cj.g 
haloalkyl, C M hydroxyalkyl, C M alkoxyalkyl, C M acyioxyalkyl, C^ 12 araloxyalkyl, and a 
group of formula -CCKCH^ CfPOfOR)^ wherein n is 1 to 4 and R is hydrogen or Cj.g 
10 alkyl; ***** a naturally occurring amino acid; 

a group of the formula -C(OR)=0, where R is selected from the group consisting of hydrogen, Cj. 16 
alkyl, C 3 _g cydoalkyl, hydroxyalkyl, Cj.g alkoxyalkyl, C 7 . 18 aryloxyalkyi, C$_ 18 araloxyalkyl, 
Cfc.jg aryl and C 7 _ 18 aralkyl; 

a group of the formula KCH^ C(R)=0, wherein n is 1 to 6 and wherein R is selected from the group 
15 consisting of hydrogen, hydroxyl, C w6 alkyl, C 3 .g cydoalkyl, Cj.g hydroxyalkyl, C^g alkoxyalkyl, 
Cijg alkoxy, Cy.jg aryloxyalkyi, Cy.jg araloxyalkyl, C$.jg aryl, Cy.jg aralkyl, 

amino which may be imsubstatuted, mono- or di-substituted by Cj.g alkyl, C^g cydoalkyl, 
acyl, trifluoroacyl, aralkyl, C2-12 **yh 
a 5 or 6 membered aromatic or non aromatic heterocycle containing one or more heteroatoms sel e c ted 
2 0 from the group consisting of O, S, N, SO, SO2, P, PO, and NR wherein R is 

selected from the group consisting of hydrogen, oxygen, hydroxyl, acyl, alkyl and aryl, 
aaid heterocycle being optionally substituted with one or more halogens, C^jg 
arylsulfbne, hydroxy, Cj. 16 alkoxy, nitro, alkyl, Cj. 16 hydroxyalkyl, amino 

which may be unsubstituted or mono- or disubstituted by Cj.g alkyl, C 3 .g cydoalkyl, 

2 5 acyl, trifluoroacyl, aralkyl or aryl; C^g alkenyl, alkynyl and hydroxy. 

R 7 is selected from the group consisting of hydrogen, C|.j 6 alkyl, halogen, amino, hydroxy, Cj.j* 
alkoxy, thiol, cyano, sulfide, acyl of die formula -C(R)«0 wherein R is sdected from 

die group consisting of hydrogen, C}.|6 alkyl, alkoxy, C^g cydoalkyl, Ci_g 

hydroxyalkyl, Cy.jg araloxyalkyl, f^g alkoxyalkyl, C^g acyioxyalkyl, C%. 12 aryloxyalkyi, 
30 squaric acid or aquarate, amino which may be unsubstituted or mono- or di-substituted by Cj.g 

alkyl, C 3 .g cydoalkyl, Cj.g acyl, cyano, trifluoroacyl, Cy.jg aralkyl or C$_ 12 aryl, and a 

naturally occuring amino add; 
a group of the formula -C(OR)=0 wherein R is sdected from the group consisting of hydrogen, 
alkyl, C 3 .g cydoalkyl, C,.g hydroxyalkyl, C^g alkoxyalkyl, C 7 . 12 aryloxyalkyi, C 7 . 12 araloxyalkyl, 

3 5 ^12 °7-is armlk y 1 c i-i6 *i |Mn y 1 - 

R5 and Rg are independently selected from die group consisting of hydrogen, halogen, hydroxyl, Cj.j^ 
alkoxyl, Cj.ig alkyl, €3.15 acetylenyl, a group of the formula -(CH^-NR^R** wherein n is 1 to 6, 
and R+ and R*+ are independently sdected from a group consisting of Cj.g alkyl, acyl, C 3 .g 
cydoalkyl, hydrogen, C^g carboalkoxy, C 2 .g alkene, C^g alkyne, C$_i 2 aryl, and 
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(OCH 2 CH(PO(OR)2)2 

wherein R is a hydrogen or a Cj_g alkyl and wherein n is 0 to 5; 
C3-8 cycloalkyl, C^.^ alkenyl, C^g alkoxyalkylamino, cyano; 
a group of the formula -0-C(R)=0, wherein R is selected from the group consisting of hydrogen, C 1-16 
5 alkyl, C^g cycloalkyl, C2_g alkoxyalkyl, and C^.^ «xyl; 

an acyl of the formula -Cfl*)*=0, wherein R is selected from the group consisting of hydrogen, thiol, C j. 
16 tbioalkyl, C M6 alkyl, C 3 _g cycloalkyl, Cj-g hydroxyalkyl, C2:g alkcayalkyl, Oj A2 araloxyalkyl, 
C2.g acyloxyalkyl, which may be unsubstituted or mono- or ^^substituted, and a naturally 

occurring amino acid or a synthetic amino acid; 
10 a group of the formula -C(OR)=0, wherein R is selected from the group consisting of hydrogen, Cj.^ 
alkyl and cycloalkyl, acosamine, glucosamine, N<hloroe&yl4rtrosoura 2,6- 

dideoxyriunmose, tfaiogluoose, tbiodaniiosaimne, thiol, Cj.^ thioalkyl, a liaturally occuring amino acid 
or di- and trnpeptides thereof, a group of the formula -Z*-CHRR* wherein Z* is selected from the group 
consisting of O, CH2, NR** wherein R** is from the group consisting of hydrogen, C|«g alkyl, C2.g 
15 acyl or C*.]^ aryl, 

R and R* are mdependently selected from the group consisting of hydrogen, C}.|2 alkyl, C$. 12 
aryi. C^^ dahydroxyalkyl, C2_g alkene, C2.8 alkyne, C^g alkoxy, C^g alkylamino, C^g 
cycloalkyl, Cj^g carboalkoxy, a 5 or 6 m emh ered aromatic or non-aromatic heterocycle 
containing one or more heteroatoms selected from the group consisting of O, S, N, SO, S02» P, 
20 PO,andNR 

wherein R is selected from the group consisting of hydrogen, hydroxyl, Cj.g acyl, C|. 
4 alkyl and C^.^ "O^ ssid heterocycle being optionally substituted with one or more 
halogens, hydroxy, C^ig aryl sulfone, cyano Cj.^ alkoxy, C|.| 6 alkyl, nitro, Cj. 16 
s^drosyalkyl, amino, which may be unsubstituted or mono-or di-su b stitu t ed by Cj.g 
25 afcyt Cj_g cycloalkyl, Cj.g acyl, trifluoroacyl, C^.jg axalkyl, C6-18 • f y 1 ' °2-8 

askavyU Cj^ alkynyl and hydroxy; mono or oligosaccharides of the formula: 




30 

wherein Y is selected from the group «M»«i«tin g of oxygen, sulfur, sulfoxide, sulfone, CR*R**, wherein 
R* and R** are independently selected from the group consisting of hydrogen, C^g alkyl, and NR 
wherein R is selected from the group consisting of hydrogen, Cj.g alkyl, and Cj.g acyl. 
.35 R9 and R^ are independently selected from the group consisting of hydrogen, halogen, hydroxy, 
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■cetoxy, C H6 alkoxy, C ul6 alkyl. C 3 _g cydoalkyl, thiol, amino, trifluoioaceumido, 

drioroemymitrosourddo, and chloroethylurado . 

R^i is selected from the group consisting of hydrogen, amino which may be unsubstituted or 
mono or m-sufasututed by Cj.g alkyl, C 3 . 8 cydoalkyl, Gj.g acyl, t-butylacyl, C^g alkoxy, t- 
5 buryloxycarbonyl, trifiuoroacyl, 0]_ 12 "dkyl C$_ 12 * naturally occuring or synthetic 

amino acid; mono or dibenzylated amino, aado, acylated amino, trifluoroacylated amino, 
morpholino, cyano substituted inorpholino, mono-, di-, tri- or tetra-methoxy substituted 
xnorpholino, mono-, di-, tri- or tetra-aoetoxy substituted inorpholino, hydroxyl, hydrogen, 
halogen, acetoxy, C W 6 alkoxyl, C^g cydoalkyl, thiol, sulfide; a group of the formula 
10 NH(CH2)nCH(OR)2 wherein R is selected from the group consisting of C M6 alkyl, Ci. 16 acyl 

and C7.16 aroyl and wherein n is 0 to 5. 

cUoroalkylmtroscHireido of the formula NH(CO)N(NOKCH 2 > D CH2Cl wherein n is 0 to 4, and 

NH(CH2>2 OO^CHCOA^. 

R*2 is selected from the group consisting of hydrogen, hydroxyl or its tetrahydropropyl ether (-OTHP), 
15 mesylate, tosylate, halogen, mono or oligosa c cha ri d es , Cj.g alkoxy, amino, mono or dialky lated ainino 
in which each alkyl contains 1 to 16 carbon atoms, trifluoroacetamido, Cj.ig alkoxy, C34 cydoalkyl, 
C2-g hdcalkylacetate, benzoate which may be unsubstituted or substituted with nitro, one of the group 
consisting of p-ritrofeenxoate, acetoxy, trifluoroacetoxy, chloroalkymitro ' soureido of the formula 
N^CO^CNOXC^C^Cl wherein n is 0 to 4, and NHlCRfa OCr^CHCOAcfc. 
20 R5 and Rft can also be independently selected from a 5 or 6 membered aromatic or non-aromatic 
heterocyde containing one or more heteroatoms, selected from the group consisting of O, S, N, SO, 
S02» P, POand NR wherein R is sdected from the group consisting of hydrogen, hydroxy!, Cj.g acyl, 
C|^4 alkyl and "O^ said heterocyde being optionally substituted with one or more halogens, 

hydroxy, C^g aryl sulfoue, cyano, Cj.|5 alkoxy, Cj.^ alkyl, nitro, Cj.ig hydroxyalkyl, amino, 
25 which may be unsubstituted or mono-or di -substituted by Cj_g alkyl, C$jg cydoalkyl,. Cj_g acyl, 
brifluoroacyl, C^.jg aralkyl, C^.jg aryl, C^g alkenyl, C2.g alkynyl and hydroxy. 

Prefe r red compounds of formula (12) are those wherein 
X| and X2 are mdependently selected from the group consisting of 
30 O, S,andNH. 

X3 is selected from the group consisting of O, S, SO, SO2, NH, and NOH. 
X4 is selected from the group consisting of CQ, N, and NO. 

Rj, R2« R3, and Q are independently sdected from the group consisting of hydrogen, hydroxyl, Cj^ 
alkoxyl, tosyl, triflate, fluorine, chlorine, amino, aminoalkyUminoakcohol of formula 
35 NH(CH2) n NH(CH2) m OH wherein n and m are independently 1 to 3, aminodkylaminoalkylchloride of 
formula NH(CM2)n NH ( CH 2)m cl n and m are independently 1 to 3, chloroalkymitrosoureido of 
the formula NH(CO)N(NO)(CH2)q CH2 CI, wherein n is 0 to 4, and a group of the formula -O- 
C(R)=0, wherein R is selected from the group consisting of hydrogen, C]_6 alkyl, and aryl; 
Z is one of C-R$ or C-R7. 
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Hi is selected from the group consisting of hydrogen, Cj.g hydroxyalkyl, Cj.g dihydbroxyalkyl, squaric 
acid, alkylsauarate, Cj^ alkyl, acyl of the formula -C(R)=0, wherein R is selected from the 

group consisting of hydrogen, Cj.g alkyl, C|.g hydroxylalkyl, squaric acid, Cj^ alkyl squarate, 
alkoxyalkyl, amnoacetaldehyde diethyl acetal, aminnafietaldrhyde diacetoxy acetal, aminopropanol 
5 diacetoxy acetal, aminobutanol diacetoxy aceUl f aminopentanol diacetoxy acetal, acyioxyalkyl and amino 
which may be imm»frffti*"^' < or mono- or di-substituted with Cj.g alkyl, C^g cycloalkyl, acyl, 
trifluoroacyl, aralkyl or aryl; a group of the formula -C(OR)=0, wherein R is selected from the group 
consisting of hydrogen, C}.g alkyl, aryl, aralkyl; and a group of the formula -CH 2 C(OR)=0, "be™ 11 R 
is prlfrtfd from the group consisting of hydrogen, straight or branched C|_g alkyl, and amino which may 

10 be unsubstituled or mono- or di-substituted with C|.g alkyl, C^g cycloalkyl, acyl, trifluoroacyl, aralkyl, 
aryl, and a 5 or 6 membered aromatic or son aromatic heterocycle containing one or more heteroatoms 
selected from the group consisting of O, S, N, NO, NH; said heterocycle being optionally substituted 
with one or more halogen, hydroxy, Cj.g alkoxy, C^g alkyl, Cj.g hydroxyalkyl, amino which may be 
unsubsatuted or mono- or disubstituted by alkyl, C3.5 cycloalkyl, acyl, trifluoroacyl, aryl, and 

15 hydroxy; 

R7 is selected from the group consisting of hydrogen, fluorine, alkyl, Cj_4 alkoxy, cyano acyl of 
the formula -C(R)«=*0 where R is selected from the group consisting of hydrogen, Cj.g alkyl, 
hydroxyalkyl, acyioxyalkyl, 

amino, cyano, a group of the formula -C(OR)«0, wherein R is selected from the group consisting of 

2 0 hydrogen, Cj.g alkyl, aryl, Cj.g alkenyl; 

R5 and Rg are independently selected from the group consisting of hydrogen, halogen, hydroxyl, Cj.g 
alkoxy, C^.g acetyknyl, C^.g alkenyl, cyano, a group of the formula -O-C(R)«=0, wherein R is selected 
from the group consisting of hydrogen and Cj.g alkyl; acyl of the formula -C(R)«=0, wherein R is 
selected from the group consisting of hydrogen, thiol, Cj.g alkyl, hydroxyalkyl, amino; a group of the 

25 formula -C(OR)«0, wherein R is selected from the group consisting of hydrogen and .C|.g alkyl, 
glucosamine, and a saccharide of formula: 



1 

Y 




30 

wherein Y is selected from the group consisting of oxygen, sulfur, and CHR wherein R is hydrogen or 
C M «lkyl, 

R9 and Hfo are independently selected from the group consisting of hydrogen, amino, fluorine, 
3 5 chlorine, trifluoroaceumido and hydroxyl; 

9 
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R n is selected from the group consisting of amino which may be unmibBritntnd or memo- or di- 
substituted with acetoxy alkyl, C^g cycloalkyl. acyl f trifluoroacyl, aralkyl and aryl; morpholino, 
azido, cyano mitmti^t^ inorpbolino, mono-, di-, tri-, or tetm-methoxy substituted morpholino, 
hydroxy], mono or dialkylated amino with 1 to 16 carbons, Cj.g alkoxyl, a group of the formula 
5 NH(CH2)nCH(OR)2 wherein R b independently selected from a group consisting of C^g alkyl, Cj.g 
acyl and C 7 . 12 «oyl and wherein n is 1 to 5; chlcmjalkylnitrosoureido of the formula 
NH(CO)N(NOKCH2)nCH2a wherein n is 0 to 4, NH(CH2>2 OCT 2 CH(OAc)2 fluorine; 
Rj2 is selected from the group consisting of hydroxyl or its tetrahydropyranyl ether, halogen, mono or 
ohgosaccharide selected from the group consisting of rhodossnune, cancrulose-B, L^merulose, D- 
10 dnerulose, cuierulose A, amicetose, aculose, rednose, rhodinose, 2-deoxyfucose, damiosamme, 
trifluoroacetyMauikosamine, amino, trifliioroacetamido, mono or dimethylated amino, alkoxy, 
benzoate, i^nitrobenzoate, chloroalkyl^tiosourea, acetoxy and trifluoroacetoxy. 

More preferred compounds of formula (12) are those wherein 
15 Xj and X 2 are independently selected from the group consisting of 
OandNH; 

X3 is selected from the group con si stin g of 0, S and SO. 
X4 is selected from the group consisting of CQ and N. 

R lf K 2 » R3, and Q are independently selected from the group consisting of hydrogen, hydroxy* 

2 0 methoxy, halogen, anmo^yumnnoethanol, anunoemylaxmiioemylc^ chloroalkyl-mtrosoiireido of 

the formula NH(CO)N(NOXCH2) n CH2Cl wherein n is 0 to 2; ammo, and 
fluorine. 

Z is one of C-R{ or C-R7. 

R$ is selected from the group consisting of Ct^ bydroxime, C^jq hydxmzone, alkyl, C M 
25 hydroxyalkyt phenyl. C M dihydroxyalkyl, a group of the formula -C(R)«X, wherein X is selected 
from the group of hydrogen, and O, and wherein R is selected from the group consisting of C M alkyl, 
hydroxymethyl, hydrogen, acytoxymethyl, alkenyl, C2.4 actylyl, C M alkoxy, hydroxy, C M 
aceto, which may be unaubaututed or mono- or di-subsuntted by hydrogen, alkyl, acyl, 
trifluoroacyl, and a group of the formula -CHR*R** wherein R* and R** are independently selected 
30 from a group consisting of C M alkyl, hydrogen, C M acyl, a group of the formula -(CH^Z* wherein 
nis0to3andZ*isa hydrogen, or C\ .4 acyl, a 5 or 6 membered aromatic or noil-aromatic heterocycle 
ftntt»inin g one or more heusroatoms selected from the group consisting of O and N, said heterocycle 
being optionally substituted with one or more fluorines, hydroxy, Cj^$ alkoxy, alkyl, and amino 
which may be unsubsututed, mono-or di-substituted by a Cj_4 alkyl, acyl, trifluoroacyl and 

3 5 alkynyl, Z* can also be a group of the formula -NR*R** wherein R* and R** are mdependently selected 

from the group consisting of hydrogen, Cj^ alkyl, and acyl; 

a group of the formula -C(OR)=0, wherein R is selected from the group consisting of hydrogen, 
alkyl; a group of the formula -(CH^CGD- O, wherein n is 1 to 3 and R is selected from the group 
consisting of hydrogen, hydroxy, C M alkoxy, C M alkyl, C M hydroxyalkyl, aniino, dimethylamino; a 
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5 or 6 m cmber ed aromatic or ooo aromatic heterocycle oontaining one or more heteroatoms selected from 
the group consisting of O, S, N, NO, NH said heterocycle being optionally substituted with one or more 
halogens, hydroxy, C}^ alkoxy, alkyl, hydroxyalkyl, amino which may be unsubstituted or 
mono-or disubstituted by methyl, cyclopropyl, acyl, and hydroxy. * 
5 R7 is selected from the group consisting of hydrogen, fluorine, methyl, methoxy, cyano, acyl of the 
formula -C(R)=O f wherein R is selected from the group consisting of hydrogen, Cj_5 alkyl, 
hydroxyalkyl, amino, cyano, a group of the formula -C(OR)<=0, wherein R is selected from the group 
consisting of hydrogen, Cj.5 alkyl, aryl, and alkenyl: 

R5 and Rg are independently selected from the group consisting of hydrogen, halogen, hydroxy, Cj^ 
10 alkoxy, alkyl, C2.4 alkenca group of the formula -(CH^ NR*,R** wherein n is 1 to 4 and R* 
and R** are independently selected from the group consisting of hydrogen, C1.5 alkyl, Cj^ acyl; 
acosamine, 2 t 6-dtdec*yrhamnose, thiodaunosamine, C1.5 thioalkyl, a naturally occurring amino acid or 
dipeptides thereof, a group of the formula -Z+-GHRR+ wherein Z+ is selected from the group consisting 
of O, CH2 and NR++ wherein R** is selected from the group consisting of hydrogen, Cj_4 alkyl and C2- 
15 4 acyl, and wherein R and R* are independently selected from the group consisting of hydrogen, Cj^ 
alkyl, alkene, Cj_5 alkylamino, a 5 or 6 membere d aromatic or non-aromatic heterocycle containing 
one or two heteroatoms selected from the group consisting of O, S, N, and NR wherein R is selected 
from the group ftnw««riw g of hydrogen, Cj_4 alkyl, and Cj_4 acyl, said heterocycle being optionally 
substituted by alkyl, Cj^ alkoxy, cyano, hydroxy, and amino, which may be unsubstituted or 
20 mono-or di -substituted by Cj^ alkyl, Cj^ acyl and trifluoroacyl; methoxy, cyano, Cj^ acetate, Cj^ 
acetyl and a group of the formula 




25 

wherein Y is selected from the group consisting of oxygen, sulfur, and CSfy: 
Ro and R|Q are independently selected from the group consisting of hydrogen, fluorine, and iodine. 
Rll is selected from the group consisting of hydroxyl, acetoxy, amino, dunemylamino, 
trifluoroacetamido, morpholino, cyano sub sti t u t ed morpholino, mono-, di-, tri-, or tetra-methoxy 

30 substituted morpholino, a group of the formula NHfGH^GHCOR^ wherein R is selected from the 
group ftftmnntiiig 0 f C]^ alkyl, Cj_4 acyl or Ojjg aroyl and wherein n is 2 to 5, 
chloioalkylnitrosoureido of the formula NH(CO)N(NOXCH2)n CH 2 cl wherein n is 0 to 4, 
NH(CH2)4CH(OAc)2, NH(CH 2 )2 OCH 2 CH ( OAc )2, ^(CO^pCR^^^iOAC^: 
R|2 is selected from the group ^"^g of hydroxyl or its tetrahydropyranyl ether, beazoate, acetoxy, 

3 5 p-nitrobenzoate, amino, trifluoroacetamido, chlotoemylnitiosoureido, fluorine, and 

11 
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iodine; 

R5 mod R8 can also be independently selected from a 5 or 6 membered aromatic or non-aromatic 
heterocycle containing one or two heteroatoms selected from the group consisting of O, S, N, and NR 
5 wherein R is selected from the group consisting of hydrogen, alkyl, and acyl, said heterocycle 
being optionally substituted by alkyl, alkoxy, cyano, hydroxy, and amino, which may be 
unsubstituted or mono-or di-fiibstituted by C 1-4 alkyl, Cj^ acyl and trifluoroacyl. 

A still further preferred compound of formula (12) are those wherein Xj and X2 are both oxygen; 
10 X3is0, SorSO; 

X4 is selected from the group consisting of N, or CQ; 

R|, R2, R3 and Q are each independently selected from the group consisting of hydrogen, fluorine, and 
hydroxy!, and methoxy. 
Z is one of C-R$ or C-R7. 

15 R$ is selected from the group consisting of C1.3 hydroxime, methyl, ethyl, Cj_ 3 alkyl, hydroxymethyl, 
1,2 dmydroxymetfayl, a group of the formula -C(R)« X, wherein X is selected from the group of 
hydrogen and oxygen, and wherein R is selected from the group consisting of methyl, fluoromethyl, 
bifluoromomyl, hydroxymethyl, acetoxymemyl, bromomethyl and C M alkoxy, C2.3 alkenyl, C x . 3 
aceto, amino which may be unsubstituted or mono-or dt-substituted by hydrogen, alkyl, C2.3 acyl 

20 or a group of the formula -GHR+R** wherein R* and R** are independently selected from a hydrogen, 
C 2 .3 alkyl , a group of the formula -{CH^Z* wherein nis0to2andZ*is*C 1 .3 alkyl, and a group of 
the formula -NRfR++ wherein R* and R** are independently selected from hydrogen, C1.3 alkyl and 
Cj.3 acyl, Z* can also be a 5 or 6 membered aromatic or non-aromatic heterocycle containing one or two 
heteroatoms f l rrtrri from the group consisting of O and N, said heterocycle being optionally substi t u t ed 

25 with a fluorine, a hydroxy, C1.3 alkoxy, and cyano; a 5 or 6 membered aromatic or non aromatic 
heterocycle one or two heteroatoms selected from the group consisting of O, S, N, and NH, 

said heterocycle being optionally substituted with one or more fluorine, hydroxy, methoxy, methyl, 
hydroxymethyl, cyano, amino and acylanrino groups. 

R7 is selected from the group consisting of hydrogen, fluorine, methyl, and cyano; 
30 R5 and Rg are independently selected from the group consisting of hydrogen, hydroxyl, bromine, 
chlorine, cyano, acetate, acetyl, and 
a saccharide of the formula 
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wherein Y is selected from oxygen and GH^t and 

wherein R9 and Rjq are independently selected from the group consisting of hydrogen, fluorine, and 
iodine. 

Rll is selected from the group ctmsistmg of amino, hydroxy, dimethylamino, acetoxy, 
5 trifiuoroacetamido, morpholino, cyano substituted morpholino, methoxymoipholino and a group of the 
formula NHCCH^CHCOR^ wherein R is selected from a group consisting of methyl, acyl or benzoyl 
and wherein n is 3 to 5, chloroslkylnitrosonreido of the formula NH(CO)N(NO)(CH2)qCH2C1 wherein n 

is 0 to 4 t ai&d rffi(CH2)OCH2 CH ( OA c)2 
R|2 is hydroxyl,iodine, or bromine. 

10 

Still further preferred compounds of formula (12) are those wherein 
Xj and X2 are both oxygen. 
X3isOor5. 
X4I8CQ. 
15 R2 and R3 are both hydrogen. 

R} and Q are independently selected from the group consisting of hydrogen, fluorine, and hydroxyl. 
Z is one of C4C^ or C-R7« 

. R$ is selected from the group consisting of ethyl, hydroxymethyl, 
l^dihydroxyetfayl, carbonyl, saturate, acyl of the formula -C(R)«=0 wherein R is selected from the 
2 0 group consisting of methyl, fluoramemyl, difluoromethyl, hydroxymethyl. 
R7 is selected from the group consisting of hydrogen, methyl, or fluorine; 

R5 and Rg are independently selected from the group consisting of hydrogen, hydroxyl, bromine, 
chlorine, cyano, acetate, acetyl and a sacrhsridfi of the formula 

25 

I 

O 




wherein R9 and R}0 are independently selected from the group consisting of hydrogen, fluorine, and 
30 iodine. 

Rll is selected from the group consisting of hydroxyl, acetoxy, ammo, dimethylamino, 
trifiuoroacetamido, morpholino, cyano, substituted morpholino, methoxymoipholino; 
R|2 is selected from the group consisting of acetoxy, hydroxyl, hydrogen, and iodine, with the proviso 
that at feast one of R5 and Rg is saccharide. 

35 

The invention also seeks to provide a process for the preparation of a compound of formula , 

13 
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«1 




12 



and phaniutteutically acceptable acid addition salts thereof wherein X3 is selected from the 
group consisting NR, 0, or S t R5 is methyl ketone or is as defined in claim 1; and Rj t R2, R3, R5, R$, 
R7, Rg, X] 9 X2 y X4 and 2 are as defined in claim 1 

selected from the group of processes con si sting of 
10 I. 1) selecting a precursor tsochroman compound of formula 




14 



15 wherein R5, Rg, R7 and Rg are defined as above, oxidatively dememylating said compound 

With flP fflrirfffflt t*» g"*» ■ qniiwiM hw^uhiA «f formula 



O R 




O R c 



15 



20 



2) and cycle-adding said quinone with a diene of formula 



14 
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16 



wherein L is a leaving group selected from the group consisting of halogen, tosyl, benzoyl, p- 
5 nitrobenzoyl and -OR or -SR, wherein R is selected from the group consisting of hydrogen, Cj.^ alkyl, 
c l-16 ac yU c l-16 »O f U c 3-16 •lkybil*ae» c 8-16 *Ikyl«yl silane and dune&ylamino, 

wherein R] v R2» R3 and X4 areas defined as above; to yield a tricyclic heteronaphthoqiitnone of 

formula 

10 




and 

15 3) optionally coupling said tricyclic heteronaphthoquinone at R5, wherein R5 is -OH, to a 

saccharide of formula 



L 



Ru R, 
12a 18b 

20 



wherein R9, Rjq, R|j and Rj2 we defined as in claim 1 and L is as defined above; 
to yield a tricyclic saccharide of formula 
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O 0 



*1 2 1 1R 1 0 

II. a) coaling the isochioman (14) of reaction (0(1), «bovc, wherein R 5 is H, with a saccharide of 
formula 

OH 

20 



wherein Ro, Rio» *ll «** ^12 m » daha 1 to > icid * saccharide of 

10 formula 




b) oxidatively demethylatxng the methoxy groups from formula (21) to yield a bicydic quinone 
saccharide of formula 



16 
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o o 

HjC- 



*12 ,1R 10 



19 



5 c) and cycloadding said chemical (19) with said dieae (16) of reaction (I)(2) to yield the tricyclic 

Bafrharidf 




10 



m. l)eoiajdiaf the qainooe of formula. 15, 



15 

O R, 



w ft 



O R« 

15 



of step (I) (1), wherein R5 is -OH, with a s accha ri d e of the formula 

20 



17 
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5 



15 



18a 



of step (I) (2) to yield a tricyclic quinone sacharide of the formula 

° ?8 




O O 

22 



10 2) and cycloadding said quinone saccharide with the said diene of formula 



A 



AisNR wherein R is selected from the group consisting of H, Cf-16 »*J*t c 7-16 • c y 1 *» 

and L is defined as above; 
to yield a tricyclic saccharide of formula 



20 
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o . o 



IV. a) selecting a precursor benxoate compound of formula 

5 




and condensing it with a dihalomethyl dtinetnoxybenzeae wherein said halogens are independently 
10 selected from the group consisting of CI, Br and I 9 and X3 is selected from the group consisting of O, S, 
andN; 




15 

to yield a dimethoxyisochroman of formula, 




19 
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b) roridatively dememylating the methoxy groups from formula 14 to a tricyclic 
dioxoisochroman; 

the resulting dioxoisochroman is cyclically coupled with the diene of formula 



* 2 A 

16 



A is NR wherein R is selected from the group consisting of H, alkyl, C 7 .j 6 aryl, and L is a 

10 leaving group as defined in (I)(2): 

to yield an antbxacenedione of formula 




12 

15 

the resultant compound may optionally be converted to the hydroxyl form of formula 




20 



The quinones at positions Xj and X2 may be converted to other moities such as, for example, 
OH, S, NR, where R is hydrocarbon, and others. Such conversions are carried out using known 
25 methodology by chemists skilled in me art. For example, these conversions are taught in The chemistry 
of the quinonoid Counmonds" V 1 and 2. John Wiley and Sons, 1988, which is incorporated by 
reference. 

The compound may further be optionally coupled with a saccharide of formula 20 to yield the 

20 
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tricyclic saccharide of formula 12; 



V. a dimetboxyisothiochranian of formula 




10 may be optionally coupled with a saccharide of formula 



OB 




20 

15 

1) to yield a dimethoxybicyclic saccharide of formula 




20 

2) oxidatively demethylatmg the methoxy groups to yield a dioxobicyclic isochroman of formula 



21 
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Ri? 1R io 



21 



3) cycloadding said dioxobicyclic isotfaiochromin with a dieae of formula 29 




22 



10 to yield a mkrtricyclic saccharide of fwinula 




O o. 



15 Compounds of formula: 




X, R5 



20 



One obtained by treating a compound of formula: 
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with a base in the presence of air at an appropriate synthetic stage. 

The term "alky I' as employed herein includes both straight and branched chain radicals of up to 
16 carbons, for example methyl, ethyl, propyl/ isopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl, 
isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-triinethylpenryl, nonyl, decyl, undecyl, dodecyl, the 
10 various branched chain isomers thereof, as well as such groups including one or more halo substituent, 
such as F, Q, Br, I or GF3, one or more alkoxy susnhient, one or more hydroxy, a haloaryl substituent, 
one or more silyl group, one or more silyloxy group, a cydoalkyl substituent or an alkylcycloalkyl 
substituent 

The term "cydoalkyr as used herein means a cydoalkyl group having 3 to 8 carbons, for 
15 example cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopentylmethyl, cydcJtexylmetfayl, 
cyclohexylethyl, cydoheptyl and cyclooctyl. 

The term "aryl" as employed herein relets to monocyclic or bicyclic aromatic groups containing 
from 6 to 10 carbons in the ring portion, such as phenyl, naphtyl r substituted phenyl, naphtyl, substituted 
phenyl or substituted naphthyl, wherein the substituent on either the phenyl or naphthyl may be for 
2 0 example Cj_4 alkyl, halogen, Cj^ alkoxy, hydroxy or nitro. 

The term "halogen" as used herein means chlorine, bromine, fluorine or iodine. 
The term "aralkyl • as used herein refers to alkyl groups as discussed above having an aryl 
substituent, such as benzyl, p-nitiobenzyl, phenethyl, diphenylmethyl, and triphenylmethyl. 

The term "aroyl" as used herein refers to a group of the formula -COAr wherein Ar denotes an 
25 "aryl" group as defined above. 

The term "alkoxy" or "amlkoxy" as used herein includes any of the above alkyl or aralkyl 
groups linked to an oxygen atom. 

The term "alkoxyalkyl" as used herein means any alkyl as discuswxl above linked to any alkoxy 
as discussed above, for example methoxymethyl. 
30 The term "aryloxyalkyl" as used herein means any alkyl as disnissrd above linked to an aryl as 

discussed above by an oxygen atom, for example phenoxymethyl. 

The term "araloxyalkyl" as used herein means any aralkyl as discussed above linked to an alkyl 
as discussed above by an oxygen atom, for example benzyioxymethyl. 

The term "acyloxyalkyl" as used herein means a C|.g acyl group linked to an alkyl group as 
35 4i«FTWPFyil above linWri to an alkyl as diwusmMl above by an oxygen atom, for example acetoxymethyl. 

23 
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Hie term •hydioxyalkyr as used herein means an alkyl group as discussed above bonded to a 
hydroxyl group as discussed above, for example, hydroxymethyl. 

It will be appreciated by those skilled in the art that when R* = R4 = hydroxyl and Xj =X 2 =0 
that compounds of formula (42) exist in equilibrium with tautomers of formula (43). Therefore, 
5 compounds of formula (43) are included within the scope of the invention. 




42 

(X^Xj = 0, R, = OH.X4 = C-OH) 

This invention also includes all the possible isomers and mixtures thereof, including, 
diastereoisomeric mixtures and racemic mixtures, resulting from the possible combination of R or S 
stereochemical centers, when pertinent, at Cj, C% and C3 as well as in all the other chiral centers. 

Hub invention also comprises novel compounds which are prepared as intermediates or 
15 precursors of compounds of formulas (42) and (43). Such mtermediate compounds are described 
hereinafter in connection with processes of preparing compounds of formulas (42) and (43). 

Heteronaphthoquinones of general formula (12) are prepared by using Scheme 1. With reference 
to Scheme U new or known isochromans of formula 14* where R5 is not a saccharide (PCT CA 
9100208), are oxydatively detnethylaled with an oxidant such as eerie ammonium nitrate or silver oxide 
20 in an irHp ^** solvent mixture such aa acetomtrile-water, to give key isochromandiones of formula 15. 
Cycksadditton of this latter qtnnone with dienes of general formula 16 in a solvent such as toluene can 
give the tricyclic heteronaphthoquinooe of formula 17. In the case when R5 is a saccharide, two 
independent synthetic routes ( A2 or B) may be employed. 

With respect to route A 2 * glycosides of formula 12 (R5 « Saccha ri de , Xj = X 2 = O) are 
25 obtained by reacting appropriate aglycones of general structure 12* in which R5 is an hydroxy, with 
known sugar derivatives of formula 18 in which R9 to R*2 are as denned herein and L is a displaceable 
atom or group. 

Suitable leaving groups, L, include halogen, for example iodine, bromine or chlorine, an 
impuTffltihitf^ or mibfltitmf 1 benzoyl group such as p-nitrobenzoyl, and -OR or -SR, where R is an 
30 tmsubstitnted or nvfr^*"*™ 1 alkyl group, for example a Cj.jg alkyl group such as methyl, ethyl or butyl, 
or R is an unsubstituted or substituted acyl group such as a C^g acyl group such. as acetyl, or R is an 
unsubstituted or fnifrffti*"^ aryl group or R is a C3 to C^p trialkyl silyl such as trimethylsilyl or 
dimethyl-t-burylsilyl. Such sugars are obtained by derivatizing known saccharides of the family of 

24 
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anthrscycline antibiotics which are available from commercial or natural sources, (see for example, 
Monneret, C, Martini, A., Pais, M. v Carbohydrate Research, 166, 59-70, 1987 and references therein; 
Acton, E.M., Tong, G.L., Mosher, C.W., and Wolgemuth, RJL, J. Med. Chem. 27, 638*45, 1984 
and references therein; Arcamone F. t Cancer Research, 45, 5995-5999, 1985 and references therein). 
5 The agtycone of formula JJ, is typically reacted with the appropriate sugar derivative of formula 

J8 in a compatible solvent such as methylene chloride using a Lewis acid such as titanium tetrachloride, 
stannic chloride, of trimethylsilyltrifluofomeih^ Alternatively, as it is known in the art of 

anthracycline chemistry, when the leaving group of the sugar moiety is a halogen, the Koenigs-Knorr 
glycosidation or its modification may be used. 

10 Alternatively glycosidation of 12 can be effected with known sugar derivates of formula 18b 

under orotic catalysis to yield 12 (R5 «= Saccharide, Xj *= X2 ■= 0). 

In the event mat the glycosidation of aglycone 17 is impractical then route Bj or B2 can be used 
to prepare glycosides of formula 12 (R5 = saccharide, Xj *= X 2 = 0). With reference to route Bj, an 
isochroznandione of formula 15, in which R5 = OH, is glycosidated as described above for 17. 

15 Cydoedditton of iif-rr****** 19 with dienes of formula 16 in a compatible solvent such as toluene or 
tetrahydrofuran yield the desired pyranooaphthoquinone glycosides of formula 12 (R5 8 saccharide, X\ 
« X2 B 0). Alternatively, glycosidated isochromandiones 



20 
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12 ( R5 - Saccharide. X 1 - X2 - O ) 
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Scheme 2 
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of formula 19 can be obtained via route B2 by reacting isochromans of formula J4 with a saccharide of 
formula 2Q in the presence of DDQ in a compatible solvent such as dichloromethane, and subsequent 
treatxnent of the glycomdated isochroman 21 with eerie ammonium nitrate using standard procedures. 
It will also be appreciated that the following reactions may require the use of, or conveniently 
5 may be applied to, starting rf M »«"« lfl having protected functional groups, and deprotection might thus be 
required as an intermediate or final step to yield the desired compound. Protection and deprotection of 
functional groups may be effected using conventional means. Thus, for example, amino groups may be 
protected by a group selected from aralkyl (e.g. benzyl), acyl or aryl (e.g. 2,4nimitrophenyl), subsequent 
removal of the protecting group being effected when desired by hydrolysis or hydrogenolysis as 
10 appropriate ««ng standard conditions. Hydroxy! groups may be protected using any conventional 
hydroxy! protecting group, for example, as described in •Protective Groups in Organic Chemistry", Ed. 
J.F.W. McOmie (Plenum Press, 1973) or •Protective Groups in Organic Synthesis" by Theodora W. 
Greene (John Wiley and Sons, 1981, 1991). Examples of suitable hydroxyl protecting groups include 
groups selected from alkyl (e.g. methyl, t-butyl or methoxymethyl), aralkyl (e.g. benzyl, diphenylmethyl 
15 or triphenyimemyl), heterocyclic groups such as tetrahydropyranyl, acyl (e.g. acetyl or benzoyl), and 
silyl groups such as trialkyUilyl (e.g. t-buryldimethylsilyl). The hydroxyl protecting groups may be 
removed by conventional techniques. Thus, for example, alkyl, silyl, acyl and heterocyclic groups may 
be removed by eotvolysts, eg. by hydrolysis under acidic or basic conditions. Aralkyl groups such as 
triphenylmedryl may be similarly removed by aolvolysis, e.g. by hydrolysis under acidic conditions. 
20 Aralkyl groups such as benzyl may be cleaved, for example, by treatment with BF3/etherate and acetic 
anhydride followed by removal of acetate groups. 

In the above processes, the compounds of formula (42) and (43) are generally obtained as a 
mixture of diaate rec as omers. These isomers may be separated by conventional chromatography or 
fractional crystallization trrhnkpicfi. 
25 Where u» *~T«wi of formula (42) or (43) is desired as a single isomer, it may be obtained 

either by feaomooa of use final product or by stereospecific synthesis from isomerically pure starting 

Resolution 0/ a* final product, or an mtermediate or starting material therefor, may be effected 
by any suitable method known in the art: see for example, "Stereochemistry of Carbon Compounds", by 
3 0 E.L. Eliel (McGraw Hill, 1962) and Tables of Resolving Agents', by S.H. Wilen. 

The cfnijfMHwk of the formula (12) and (13) possess anti-cancer and anti-tumor activity. While 
it is possible to administer one or more of the compounds of the invention as a raw chemical, it is 
preferred to ariminifffT the active ingredients) as a pharmaceutical composition. 

In another aspect, the invention therefore provides pharmamitical compositions primarily 
35 suitable for use as antitumor and mUrrir~r agents, comprising an effective amount of at least one 
compound of the invention or a pharmaceutically acceptable derivative thereof in association with one or 
more phannaceuueatiy acceptable carriers and optionally other therapeutic and/or prophylactic 
ingredients. All the phannaceutically acceptable salts for example the HCI and tartaric acid salts of the 
compounds useful as antitumor agents in mammals, including humans, are included in this invention. 



SUBSTITUTE SHEET 



WO 94/1 1382 



PCT/CA93/00463 



It will be appreciated by those familiar with the art of clinical oncology that the coznpound(8) of 
this invention can be used in combination with other therapeutic agents, including chemotherapeutic 
agents (Cancer. Principles and Practices of Oncology, 3rd Edition, V.T. DeVito Jr., S. Hellman and 
S.A. Rosenberg; Antineoplastic Agents edited by W.A. Remers, John Wiley and Sons, N.Y., 1984). 
5 Thus, it will be understood that the compounds or phannaceutical compositions of Die invention may be 
formulated with the therapeutic agent to form a composition and administered to the patient or the 
compounds or compositions and the therapeutic agent may be administered separately, as appropriate for 
the medical condition being treated. 

Therefore, for therapeutic purposes, a compound or composition of this invention can be used in 
10 association with one or more of the therapeutic agents belonging to any of the following groups: 
1) Alkylating agents such as: 

2-haloalfylaxmnes (e.g. melphalan and chlorambucil); 

2-haloalkylsulfeles; 

N-elkyl-N^trosoureas (eg. carmustine, lomustine or 
15 semustine); 

aryltriazines (e.g. decarbazine); 

mitomycins (e.g. mitomycin C); 

methylhydrazines (e.g. procarbazine); 

bifunctional alkylating agents (e.g. mechlorethaimne); 
2 0 carbinolamines (e.g. sibiromycin); 

streptozotocins and chlorozotocins; 

phosphoramide mustards (e.g. cydoohosphamide); 

urethane and hydantoin mustards 

25 2) Antimetabolites euch as: 

mercapt opurines (e.g. 6-thioguanine and 6- 
(methyluuojpurine); 

•rapyriimritrma md pyrimidinag; 

hydroxyureas; 
30 5-fluorouracil; 

folic acid antagonists (e.g. amethopterin); 

cytarabines; 

prednisones^ 

diglycoaldehydes; 
35 methotrexate; 

3) Intercalators such as: 

bleomycins and related glycoproteins; 

anthracy lines (e.g. doxorubicin, daunorubicin, epirubicin, esorubicin, idarubicin, 

29 
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aclacinomycin A); 

acridities (eg. m-AMSA); 
hycanthones; 

eUipticines (e.g. 9-hydroxyellipticine); 
5 actinomycins (eg. i eri no cm) ; 

anthiaquinones (e.g. l t 4-bis((tmiiioalkyl)- 

»miiK)]^ t 10-*nthr»c«»edioDcfi); 
anthracene derivatives (eg. pseudourea and bisanthrene); 
phleomycins; 

1 o aureoiic acids (e.g. mithrsmyciri aad olivomycin); 

Caznptothficins (e.g. topotecan); 

4) Mitotic inhibitors such as: 
dimeric cathaxanthus alkaloids 

(eg. vincristine, vinblastine and vindesine); 
15 colchicine derivatives (eg. trimetbylcoldncinic acid) 

emrxxtophyUotoxins and podophylotoxins 

(eg. etopoaide and ten ip om d e); 
maytansinoids (eg. maytansine and colubrinol); 
terpenes (eg. beleoalin, tripdiolide and taxol); 
20 steroids (eg. 4n-hyroxywithanolide E); 

quassiniods (eg. bruceantin); 
pjpobi uinan; 

methylglyoxals (eg. inethylglyoxaibis^iluosemtcafbazone); 

5) Hormones (eg. estrogens, androgens, tamoxifen, nafoxidine, progesterone, 
25 glucocorticoids, mitotane, prolactin); 

6) fanaumostimulaiits 

(eg. human i nte r fe rons, levandsole and tUorane); 

7) Monoclonal and polyclonal antibodies; 

30 8) Ra^iosensitizing and rajfionrotetting compounds 

(eg. rnetronidazDle and nnsonidaxole); 

9) Other miscdlaneous cytotoxic agents such as: 
camptothocinfi; 
35 quinolinequinones 

(e.g. streptonigrin and isofnopylidene azastreptonigrin); 
cisplatin, cisrhodium and related platinum series complexes; 

tricothecenes (eg. trichodermol or vennicarin A); cephalotoxines (e.g. hatringtonine); 
10)C*rdk>protecting compounds, such as (±)-U2-bis(3,5-dioxopipera2in-l-yl) 

30 
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propane, commonly known as ICRF-187, and ICRF-198; 

11) Drug-resistance reversal compounds such as P-glycoprotein inhibitors, for example Verapamil, 
cydosporin-c, fujimycin; 

12) Cytotoxic cells such as lymphokine activated killer -cells or T-cells, 
5 13) Other Immimngrimulants such as interleukin factors or antigens. 

14) Polynucleotides of aence or antisensing nature. 

15) Polynucleotides capable of forming triple helices with DNAor RNA. 

16) Fblyethers 

17) Distamydn and analogs. 

10 18) Taxanes such as taxol and taxotere. 

The above list of possible therapeutic agents is not intended to limit this invention in any way. 
The pharmaceutical co m po si tions of the invention can be in forms suitable for oral, rectal, nasal, 
topical (including buccal and sublingual), vaginal or parenteral (including intraarterial, mtxaperitoneal, 

15 intramuscular, subcutaneous and intravenous administration), by inhalation or by insufflation. Where 
appropriate, the formulations may be conveniently presented in discrete dosage units and may be prepared 
by any method well known in the art of pharmacy. All methods include the step of bringing into 
association the active compound with liquid carriers or finely divided solid carriers or both and men, if 
necess a r y, shaping the product into the desired formulation. 

20 For injectable use, the phannaceutical composition forms include sterile aqueous solutions or 

dispersions and sterile powders for the extemporaneous preparation of sterile injectable solutions or 
dispersions. In all cases, the form must be sterile and must be fluid to the extent that easy syringability 
exists. It must be stable under the conditions of namifachire and storage and must be preserved against 
the contaminating action of microorganisms such as bacteria and fungi. The carrier can be a solvent or 

25 dispersion medium containing, for example, water, ethanol, polyol for example, chremophor-EL, tween 
80 1 , glycerol, dimethyl sulfoxide (DMSO), propylene glycol, and liquid polyethylene glycol, and the 
like suitable mixtures thereof, and vegetable oils. The proper fluidity can be ™«*m^ for example, by 
the use of a coating such as iedthin, by the narintflnance of the required particle size in the case of 
dispersion and by the use of surfactants. The prevention of the action of microorganisms can be brought 

30 about by various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic 
acid, thiinerosal, and the like. In many cases, it will be preferable to include isotonic agents, for 
example, sugars or sodium chloride. Prolonged absorption of the injectable compositions can be brought 
about by the use in the compositions of agents delaying absorption, for example, aluminum monostearate 
and gelatin. 

35 Sterile injectable solutions are prepared by incorporating the active ingredient or ingredients in 

the required amount in the ap p ro p ri ate solvent with various of the other ingredients enumerated above, as 
required, followed by filter sterilization. Generally, dispersions are prepared by incorporating the various 
sterilized active ingredients into a sterile vehicle which contains the basic dispersion medium and the 

^denotes trademark 
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required other ingredients from those enumerated above. In the case of sterile powdero for 
the preparation of sterile injectable solutions, the preferred methods of preparation are vacuum drying and 
the rreeze-drying technique. These yield a powder of the active ingredient plus any additional 

desired ingredient from a previously sterile-filtered solution thereof. 
5 Pharmaceutical fonnulations suitable for oral administration may conveniently be presented as 

discrete units such as capsules, sachets or tablets each containing a predetermined amount of the active 
ingredient; as a powder or granules; as a solution; as a suspension; or as an emulsion. The active 
mgredient may also be presented as a bolus, electuary of paste. Tablets and capsules for oral 
administration may <™*tam conventional excipients such as binding agents, fillers, lubricants, 

10 disintegrants, or wetting agents. The tablets may be coated according to methods well known in the art 
Oral liquid preparations may be in the form of, for example, aqueous or oily suspensions, solutions, 
emulsions, syrups or elixirs, or may be presented as a dry product for constitution with water or other 
suitable vehicle before use. Such liquid preparations may contain conventional additives such as 
suspending agents, emulsifying agents, non-aqueous vehicles (which may include edible oils) or 

15 preservatives. 

As used herein, the expression "pharmaceutical^ acceptable carrier" includes any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying 
agents and the like. The use of such media and agents for pharmaceutical^ active wihstanms is well 
known in the art Except isofar as any conventional media or agent ia incompatible with the active 

20 ingredient, its use in the present co mp os i tions is contemplated. Supplementary active ingredients can be 
incorporated into the inventive compositions. 

It is especially advantageous to formulate compositions in dosage unit form for ease of 
administration and uniformity of dosage. Dosage unit form as used in the specification and claims herein 
refers to physically discrete units suited as unitary dosages for the animal subjects to be treated, each unit 

25 containing a predetermined quantity of active material calculitnri to produce the desired therapeutic effect 
in association with the required pharmaceutical carrier. The specification for the novel dosage unit forms 
of the invention are dictated by and directly dqwndflnt on (a) the unique characteristics of the active 
material and the particular therapeutic effect to be achieved and (b) the limitations inherent in the art of 
cnmpn*mdiwg such m active material for the treatment of disease in living subjects having a diseased 

30 condition in which bodily health is unpaired as disclosed in detail in this specification. 

The dosage of the principal active ingredient for the treatment of the mdicatnri conditions 
depends upon the age, weight and condition of the subject being treated; the particular condition and its 
severity; the parti*" 1 ** form of the active mgredient, the potency of the active ingredient, and the route of 
administration. A daily dose of from about 0.001 to about 100 mg/kg of body weight given singly or in 

35 divided doses of up to 5 times a day or by continuous infusion embraces the effective range for the 
treatment of most conditions for which the novel compounds are effective. For a 75 kg subject, this 
translates into between about .075 and about 7500 mg/day. If the dosage is divided for example, into 
three individual dosages, these will range from about .25 to about 2500 mg. of the active mgredient The 
preferred range is from about 0.1 to about 50 mg/kg of body weight/day with about 0.2 to about 30 
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mg/kg of body weight/day being more preferred. 

The principal active ingredient is compounded for convenient and effective administration in 
effective amounts with a suitable phannaceutically acceptable carrier in dosage unit form as hereinbefore 
disclosed. A unit dosage form can, for example, contain the principal active ingredient in amounts 
5 ranging from about 0.1 to about 1000 mg., with from about 1.0 to about 500 mg. being preferred. 
Expressed in proportions, the active ingredient is generally present in from about 0.1 to about 500 mg/ml 
of carrier. In the case of compositions containing supplementary active ingredients, the dosages are 
detenmned by reference to the usual dose and manner of administration of the said ingredients. 

Antitumor treatment comprises the administration of any of the compounds of this invention in 

10 an acceptable p^g^ny™"^? 1 fbnnulation at the effective therapeutic dosage. It is understood mat 
chemotherapy can require the use of any of the compounds of this invention bound to an agent which 
f~+\h** »*« targeting the compound to the tumor cells. The agent may be chosen from, for example, 
monoclonal or polyclonal antibodies, proteins and liposomes. The compounds of mis invention could 
also be administered as monomelic, dimeric, trimeric or oligomeric metal chelate complexes with, for 

15 example iron, magnesium or calcium. 

The compounds of the invention exhibit antitumor activity, most notably, antitumor activity with 
human breast cancer, H tlr —n ;n . colon cancer, ovarian cancer, and melanoma. This list of conditions is 
however not exclusive, and it is believed that the compounds of the invention will exhibit activity against 
other tumors and cancers* such as for example pancreatic cancer, bladder cancer, lung cancer, and central 

20 nervous system (CMS) cancer. Most notably the compounds of this invention are more potent than 
doxorubicin agamst P-170 mnriiatnri multidrug resistant cancers. 

EXAMPLE 1 

2 5 Methyl (S«l«-a%iaoOA5,10-tedran^ [23- C] pyran-3-yI) ketone BCH-1125 

A mixture of methyl (f 9 %^a^A^ 9 ^a^ydnibeBm [2*3-C] pyran-3-yI) ketone (100 mg, 0.485 
mmol) and si lani j Ua nl iiiMi (75 ol, 0.630 mmol) in dry benzene (5 mL) was heated for 12 hours at 60°C 
under argon ■"■ "T fc The solvent was then removed in vacuo and the resulting adduct dried under 
reduced pressure. The adduct was dissolved in 10 mL of etfaanol and to this solution was added 1 mL of 

30 1 % K2CO3 aqueous sohibon, After stirring for 2 hours at R.T., the reaction mixture was neutralized 
(pH=6) and e xu ac ied with CH2CI2 (2x50 mL). The organic layer was then washed with water (3x50 
mL) and dried over MgSO^ Flash chromatography (toluene: ethyl acetate; 9596:5%) of the residue gave 
69 mg (55% yield) of pure titled compound. (MP: 135-136°C). 

PMR (CDCl 3 ,250MHz): 2.31 (s,3H,CH 3 ), 2.54 (dddd,lxU=18.0, 10.3,3.6 and 1.8Hz,HQia-CH), 
35 2.97 (dm,lIU~19 tad 3.0Hz,HCHe-CH=), 4.05 (dd, 1H,J=10.3 and 3.9Hz, CH 2 -QD, 4.58 
(dt,lHJ=18.7 and 3.6Hz,HQla-0), 4.92 (dd,lHJ«18.7 and 1.8Hz,HCHe-0), 7.72 (m,2H,Ar-H), 
8.04 (m,2H,Ar-H). 

CMR JCDa 3 ,75.44 MHz): 24.42 (CH2-CH), 26,57 (CQ£H 3 ), 63.97(CH 2 -0-), 78.63 (CH 2 -CH), 
126.70, 127.08, 132.36 and 134.52 (CH aromatic); 132.20, 134.42, 141.30, and 142.41 (C quaternary), 
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183.51 and 183.63 (C=0 quinone), 207.25 (CO-CH3). 



EXAMPLE 1 




EXAMPLE 2 

Methyl (7^droxy-54<Wiaxo-M pyrnn-3-yl) 
10 ketone BCH-1129 

A mixture of l-methoxy-3^nmelliylsUyloxy butadiene (776 mg, 4.51 nunol) and methyl (5,8- 
dioxo-3 > 4 P 5 t 8Hetrahydrobaizo [2,3-C] pyran-3-yl) ketone (309 mg, 1.50 mmol) in 6mL of dry toluene 
was stirred for 90 minute at room temperature under argon atmosphere. The solvent was then removed 
15 in vacuo and the dried residue was dissolved in 10 mL of THF. To this solution was added 2 mL of a 
4% aq. HQ solution. The combined organic layers were then washed with water and dried over MgS0 4 . 
Flash chromatography (toluene: ethyl acetate; 95%:5%) of the residue gave 180 mg (65% yield) of the 
titled compound (MP: 169-170°C). 

PMR (DMSOc*, 250 MHz): 2.24 (s,3H,CH 3 ), 2.45 (m.lH,HCBa-CH«==), 2.77 (dd,lH,J«19 and 

20 3.0Hz^CH*-CH),4.20 (dd,UU«9.8 and 3.9Hz,CH2-QD. 4.55 (d overlapped, 1H, J =22 Hz,HQ{a* 

f», 4.78 (d overlapped, 1H, J= 18.0Hz,HQI*O), 7.15 (dd,lHJ=8.5 and 2.4Hz, Ar-H), 7.30 (2d, 

1H, J=2.5Hz,Ar-H). 7.88 (2d, 1HJ- 9.1Hz, Ar-H), 10.96 (s,lH,Ar-OH). 
EXAMPLE 2 




25 

EXAMPLE 3 
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Methyl (l^drojry-540-d^o-3,444 [2,3-C] iryran-3-yl) 

ketone BGH-1148 

A mixture of methyl (l-metfaoxy-5,8 dioxo-tetiahydrobeDzo [2,3-CJ pyran-3-yl) ketone (100 mg, 0.450 
5 mmol) and acetoxy butadiene (80 /ig» 0.675 mmol) in dry benzene (5 mL) was heated for 3 hours at 60 °C 
under argon atmosphere. The solvent was then removed in vacuo and the resultting adduct was dissolved 
in 10 mL of toluene and then aromatized on silica gel by flash chromatography (toluene: ethyl acetate; 
90%:109t followed by 70ft:30ft). Evaporation of the solvents gave 37 mg (31% yield) of pure titled 
compound. 

10 PMR (Acetone d$, 250 MHz): 2.26 (s,3H,COCH3), 2,50 (do\lH,J=11.6, 19.5Hz,HCHa-CH), 2.89 
(dd,lH,J«4.2a9.5Hz,HCHe-CH) f 4.71 (dd,lH, J=4.2,11.6 Hz^CE-CH^; 6.12 (broad s,lH,CEOH); 
7.87 (nu2H,ArH); 8.07 (m,2H, ArH). 

EXAMPLE 3 



0 0 0 0 




15 

EXAMPLE 4 - Mononuoromethyl (54<Miaxo-3,4£40-tefjah^ P3-C] pyrnn- 

3-yI) ketone 

20 Stepl: Moarjhraiomethyl &^ 
pyran-3-yl) ketone 

To a stirred solution of methyl (5 t 8-dimethoxy-3,4^ydrobenzo [2,3-c] pyran-3-yl) ketone (1.9Q5g, 
8.04 mmol) and thmethylsilyl chloride (1,530 /d, 12.0 mmol) in tetrahydrofuran (48ml) under nitrogen, 

25 at -78°C, was slowly added lithium dusoprbpyl amide (diisopropyl amine 10.71 mmol, n-butyl lithium 
4.26 ml of a 2.5M solution in tetrahydrofuran, and 6.0 ml of tetrahydrofuran). After stirring for 10 
minutes the temperature was raised to 0°C, and stirring was continued for 10 more minutes. Solvent was 
removed and the crude product was dissolved in 48 ml of tetnmydroniran, N-bromosuccinamide (1,716 
mg, 9.66 mmol) was added slowly to the solution. After 10 minutes, the reaction system was worked up 

30 with ffflturatfd aqueous sodium bicarbonate and washed with brine. The titled compound was obtained 
following flash chromatography (hexanes:ethyl acetate, 9:1) of the crude product. *H NMR (benzene-d^, 
250 MHz) 2.68 (dd, lH,HCHa), 3.16 (dd,lH,HCHe). 3.28 (s,3H,OCH 3 ) f 3.32 (s3H,OCH 3 ), 3.73 
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(dd,lH,J=4.0,11.5Hz,CH). 3.81 (dd^H,CH 2 Br), 4.51 (d,lH, J= 15.8Hz, HQfaO), 5.05 
(d,lH,J=15.8Hz,HCHeO), 6.335 (dd,2H,ArH). 

Example 4: Monofluoromcthyl (540^oxo-3,4,5,10-tetrahydronaphto[2^-q pyran-3-yO ketone. 



OCHj 




OCH, 



O OCHj O 

OCH, 




OCHs 



O O 0 O 

o 

5 

Step 2: MfitwIhaoraDCtfayl (5^niiiDetbox70 9 4^ydrobenzo P^-Cl-pyran-^yl) ketone 
To a solution of 1 equivalent (3*75 mM, 1.18 g) of bromomethy 1 ketone isochroman from step 1 and 3 
equivalents (11.25 mM, 2.160 g) of pTSA in 20 mL of dry THF was added slowly, at R.T., 6 equi. 
10 (22.5 mM. 22-5 mL) of a 1M solution in THF of N + (Bu) 4 F". After stirring one night at R.T., 15 mL 
of H2O were added and the mixture was extracted with 3x20 mL of ethyl acetate. After drying with 
NaS0 4 and solvent evaporation, the residue was flash chromatography (Toluene: Ethyl acetate; 9.5:0.5) 
to give a 50% yield of pure titled compound. 

*H NMR (250 MHx. CDCI3): 2.61 (dd,lH,HCEa) t 3.11 (dd,lH,HCHe), 4.27 (dd,lH,CH), 4.63 
15 (d,lH JICHaO), 4.99 <d\iH,HQIeO) t 5.33 (d, 2H, CH 2 F), 6.67 (do\2H,ArH). 




Step 3. Mooonoororoethyl (5^oxcH3 t 4^,S-t£4rahydroben20 
pyran-3-yl) ketone 

20 

To 1 equivalent (0.220 mM, 56 mg) of the fluctomethylketone isochroman from step 2 dissolved in 3 mL 
of acetonitrile at 0°C was added 3 equivalents of eerie amnxmium nitrate (0.66 mM). After 10 minutes, 
the reaction mixture was brought to R.T., stirred for 20 minutes, and then extracted with 
dtdilcmmiethane/niF (1/1). The organic layer was dried over MgSO^ The titled quinone was obtained 
2 5 (67 mg) following evaporation of solvent. 

lH NMR (250 MHz, CDCI3): l U NMR (250 MHz, CDCI3) 2.46 
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(dddd f lH t J-3.0,4.0,10.4,18.9Hz»HCHa) f 2.91 (dt, 1H, J«3.5 t 18.9Hz, HQEe), 4.25 
(dVU=*3.8,10.4Hz,CH) f 4.445 (dU = 3 .5 , 1 8.4Hz,HCHaO), 4.77 (*U=2.2,18.5Hz,HCHeO), 5.25 
(d^.O^F), 6.75 (dd,2H,HC«CH). 



Step 4. Monofluoromethyl (540^oxo-3 f 44tl0-te4rahydronaphtho 
[2,3-C] pyran-3-yI) ketone 

To 1 equivalent (0.220 mM, 50 mg) of die fluoroquinone from step 3 dissolved in 5 mL of dry toluene 
10 was added 1.3 equivalents (0.286 mM, 32.0 mg, 35 ul) of acetoxy butadiene and stirred overnight* The 
reaction mixture was passed directly on a silica gel column. 20 mg of pure titled compound was isolated 
after two flash chromatography (2% EtOAc in toluene). 

PMR (Acetone-d*, 250 MHz): 2.62 (ddddJH^HQia), 2.94 (dt,lH,HC]Ie), 4.46 (dd,lH,CH), 4.62 
(oXlHJiqaa), 4.84 (ddJH.HCHe), 5.43 (d, 2H, CH 2 F), 7.83 (m,2H,ArH) f 8.03 (rn.2H.ArH). 



15 



EXAMPLES 



Stepl. 

(l'S,UUS) and (l f S,lS,3R)-Meihyl (StS-dioxe-l-P 1 ^', trideoxy-3'- 
2 0 trifluoroecetajsiidV^'-J^ 

tetrahydrobenzo {2,3-C] pyran-3-yl) ketone 

To a stirred solution of l f 4^<>-pHUtrobenzoyl-N-trifluoroacyl daunosamine (1.584 g, 2.93 mmol) in 
160 mL of dry dichlofomethane and 40 mL of anhydrous ether, maintained at -35°C tinder argon 

25 atmosphere, was added dropwise L132 mL (5.85 mmol) of trimethyl silyl triflate (TMSOTf). After 
stirring for 1.5 hours at 0°C, the temperature was lowered to -15°C and a cooled (0°C) solution of 
methyl (14rydroxy-5,8-dioxo-3 9 4^ f 8-tetrahydiobenzo [2,3-C] pyran-3-yl) ketone in dry dichloromethane 
(40 mL) was added. After 5 hours of stirring, the reaction mixture was put into a solution of 150 mL of 
ethyl acetate and 50 mL of a saturated NaHCC>3 solution. The organic layer was washed with water and 

30 dried (Na^SO^. Flash chromatography of the residue gave 917 mg (69% yield) of the mixture of tided 
stereoisomers. 
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Example 5c Gryeoddated dorivalivea of pyranonaphtoguinones with a methyl ketone side chain. 



O OH 



0 0 o o . 

*m6 mcocr * pvbi 



mcocr. 




ch, 



Rj«=OPNB R^NHCOCFj 




o o 

^ R. • 



Rl«=OPNB Rj-NHCOCFj 
Rj"OH (BCH-114* Rj-NHCOCFj 



Rj = OTNB 
R^OH 



R 2 -NHCOCF 3 
R 2 *NHCOCF 3 



o o 

*V R, = OH 



11 



R 2 -NHCOCFj 
R 2 -=NHCOCF 3 



A second flash chromatography separated the individual diastereomers. 



The 1'S,1S,3R titled diastereomer had »H NMR (250 MHz, acetone-d^) _: 1.28 (d,3H^ = 6.4Hz, CH 3 ), 
5 2.05 (hidden m, liU'-CH^' 2- 30 < 8 » 1H - COCH3), 2.42-2.49 (m,2H,2 , -CH 2 overlapped with HCHa), 
2.84 (dd.lH.HCHe.) 4.53-4.65 (broad m,m,T-CH), 4.635 (dd,2H,J=4.2, 11.6Hx,0-CH.-COCH3), 
4.76 (broad q,lH,5'-CH), 5.50 (broad MIM'-CH), 5.69 (broad s,lH,r-CH), 6.02 (s,lH,6-CH.-0). 
6.90 (dd,2H,2X C= CH), 8.37 (m,4H,ArH), 8.68 (broad d,lH,NH). 
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Tike 1*S,1R,3S titled diastereomer had *H NMR (250 MHz, •cetone-d 6 ) 1.19 (d,3H,J=6.6Hz,CH3), 
1.89 (dd t lH f J»4.6,13.1Hz > 2 , -CH2)» 2 - 32 (*• 3H,COCH 3 ), 2.29-2.47 (m,2H,r-CH 2 overlapped with 
HQla), 2.89 (dd,!H, J=4.1Hz,HqEe), 4.60 (m,2H,3'-CH overlapped with 5'-CH), 4.71 (dd,lH, 
1=4.1,11.^0^-00013), 5.48 (broad s, 1H,4*-CH), 5;64 (broad s, lH,l f -CH), 5.89 (s,lH,0- 
5 CH-O), 6.87 (dd,2H,2XC=CH), 8-37 (dd,4H, ArH), 8.69 (broad d, 1H, NH). 

Step 2. 

(l t S t UUS)-MethyI ^Mioxo-l-a'^'^de^ 

nitrobenzoyl-Uyxota^ P»3-C] pynm-3-yl) 

10 ketone 

To a stirred solution of l'S, 1R» IS -diastereomer, from step 1 (Example 5), (0.464 mmol) in dry 
benzene (10 mL) under argon was added 78/xl (696 mL) of 1-acetoxybutadiene. After stirring for 16 
hours at room temperature, the reaction mixture was flash chromatography (tolueneiethyi acetate; 

15 90% : 10%) to give 244 mg (82% yield) of the pure titled compound. 

*H NMR (250 MHz, acetone-d*): 1.22 (d\3H,J«=6.4Hz,CH 3 ), 1.94 (dd,UW«4.7,13.1Hz,2 , -CH 2 )» 
2.35 (s,3H,COCH3), 2.42 (m,lH,r-CH2), 152 WH,J»11.6,19.8Hz.HQIe), 3.Q4 
(dd,lHJT=3.9,19.6 Hz, HCHfi), 4.55-4.68 (overiapped nv2H,3'-CH and 5*-CH), 4.79 
(dd,lH,J«4.0,11.5 Hz,0<3i-COCH 3 ), 5.49 (broad s,lH,4'-GH). 5.75 (broad &,1H,1*-CH), 6.07 

20 (s,lH,O-CH-0), 7.83-7.93 (m,2H,ArH), 8.06-8.14 (m,2H,ArH), 8.32-8.43 (m,4H,ArH)» 8.67 (broad 
d,lH,NH). 



Step 3. 

25 (l%lIUS)-M£thyl (5Jfr^o-H2'^\6'^ife^^ 

hydraxy4s4yxohexopyrai^ lCMetrahydronaphtho [2,3-C] pynu>3-yl) 

ketone BCH-1184 

To a stirred solution of the glycoside from step 2, (30 mg, 4.65xl0" 5 mmol) in 4 mL of dry methanol 
30 and 1 mL of anhydrous THF at 0°C and under argon, was added lljil (4.66x10"^ mmol) of NaOGH 3 
(4.37 M) solution in methanol. After 5 minutes of stirring, the reaction was quenched with 1 mL of 
saturated NH4CI solution and extracted with CH2O2 . Following evaporation of solvent, flash 
chromatography of the residue gave 23 mg (100% yield) of pure titled compound. 
l H NMR (250 MHz, Acetone^): 1.25 (d,3H,J=6.5Hz,CH3), 1.76 (dd,lH, J=4.5,12.9Hz,r-CH2), 
35 2.16 (nUH,r-CH2). 2.32 (s,3H,COCH 3 ), 2.48(dd, J«11.6,19.5Hz3Qia), 2.99 (dd\lH,J=4.1 f 19.5 
Hz3CBe) f 3.68 (broad s,lH,4'-CH), 4.17-4.41 (overlapped m^U'-CH and 5*-CH), 4.69 (dd, 
lH^-=4.0,11.0Hz,O-CH-COCH3), 5.53 (broad s,lH,l'-CH), 5.97 (s,lH,0-CH-0), 7.82-7,90 
(m,2H,ArH), 8.01-8.05 (m*2H,ArH), 8.13 (broad d, 1H,NH). 
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Step 4: 

(1'S,1S4R)-Metfayl (S,10-dioxo-l-(2',3' ,6'^deoxyO'-triniiori>acrtMiiido-4'-0-|>- 
niijt>benOTyl4^yxob«f>-pyT»no^^ [23-C] pymn-3-yl) 

ketone 

5 

Application of the procedure described in «tep 2 of the present example on the l'S, IS, 3R quinooe 
glycoside from step 1 gave the titled compound which had: 

*H NMR (250 MHz, Acetone-dg): 1.33 (d,3H,J=6.6Hz,CH3).1.94 to 2.08 (m,lH,2'-CH2), 2.33 
(s,3H,COCH3) f 2.49 (m,lH,2'-CH2). < dd - 1H ' J="-7.19.6Hz,HC3fa), 3.01 

10 (dd.lHJ-4.1,19.7Hz3CHe). 4.53-4.65 (m, 1H,3'-CH), 4.71 (dd,lH,J«4.1,11.5 Hz,0-CH-COCH3), 
4.90 (broad q,lH, 5*-CH), 5.53 (broad 8,1H,4'-CH). 5.75 (broad MH.l'-CH). 6.21 (s, lH.O-CH-O). 
7.88-7.92 (m,2H,ArH), 8.08-8.16 (rn.2H.ArH), 8.34-8.43 (m,4H,ArH), 8.69 (broad d,lH,NH). 

Step 5: 

15 (1'S,1S,3R)-Methyl (S^Wkoo-l^'^'^rideoxy*^ 

hydroxj-Wyxob*x»pjrBiiose)-3,4,5, lO-tetrahydrooapblho [23-C] pyran-3-yI) 
ketone BCH-1146 

Treatment of die glycoside obtained from step 5 with sodium methoxide as described in step 3 of this 

20 example yielded the titled compound, which hadr 

*H NMR (250 MHz. Acetone-d*) 1.35 (d,3HJ«6.4Hz,CH 3 ), 1.77(dd,lH, J-4.5,12.9Hz,2 , -CH 2 ), 
2.17 (dt,lH,J«= 3.7,12.9Hz^'-CH2). 2.30 (s,3H, COCH 3 ), 2.56 (dd,lH,J«10.7.19.6Hz#CHa) > 2.98 
(dd,lH,J=4.2,19.8 Hz. HCH£),3.70 (broad s.lH^'-CH), 4.2-4.4 (m.lH.3'- CH), 4.60 (broad 
quarteMH,5'-CH), 4.66 (<ld,lH,Js4.2.11.5Hz,0^-COCH 3 ), 5.52 (broad d,lH,r-CH), 6.15 

25 (s.lH.O-CH-O), 7.86-7.92 (m^H^rH), 8.07-8.11 (m,2H,ArH), 8.15 (broad d.lH.NH). 

Step 6: 

(1'S,1R^S>-Methyl (S.lO-diaxo-l-a'rV.^-trideoxyO'-toil^^ 
mrroben»yl-I^ob«o-pyrsjiose)-7-b^ P3-C] 
30 pyran-3-yI) I 



The titled compound was prepared in 62% yield by cydocondensing the l'S. 1R, 3S-quinone glycoside 
from step 1 of this example with l-rnethoxy-3-trimemyMyloxybutadiene. The same procedure as 
described in step 2, in mis example, was used. 
35 *H NMR (250 MHz, Acetone-rjg): 1.21 (d,3H,J=6.6Hz,CH 3 ), 1.93 (m,lH, T-CR])' 2 34 
(8,3H,COCH 3 ), 2.49 (dd,lHJ=11.6,19.5Hz,HCHa), 3.00 (dd,lH,J=4.1,19.5Hz.HCHe), 4.57-4.69 
(overlapped multiplets, 2H,3'-CH and 5'-CH),4.76 (dd,lHJ=4.0,11.5Hz,0-CH-COCH3), 5.49 (broad 
s, 1H.4'-CH), 5.73 (broad d.lH.l'-CH). 6.04 (s,lH,O-CH-0), 7.25 (dd, lHJ=2.5,8.5Hz,ArH), 7.46 
(d.UU=2.5Hz,ArH), 7.98 (d,lH,J= 8.6Hz, ArH), 8.38 (m,4H,ArH), 8.58 (broad d.lH.NH) 10.23 
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Step 7: 

(l'S.lIUSWtadiyl (&l*diHo4^3Sr-4ri*^^ 
5 tjx6bnopjnao6tyj-bjdraxy-3,4,S, 10-tetrahydro [2^-C] pyran-3-yl) ketone 

BCH-1181 

Application of the hydrolysis procedure described in step 3 of this example to the l'S, 1R, 3S tricyclic 
glycoside of step 8 resulted in the removal of the p-aitrobeazoyl protecting group. The titled compound 
10 had: 

*H NMR (250 MHz. Acetone-d*): 1.63 (d,3HJ=6.4Hz,CH 3 ), 2.14 (m,lH, I'-CH^* 2 * 53 (m.lH.2'- 
CH2). 2.70 (s,3H,COCH 3 ), 2.87 (dd,lHJ=11.7, 19.4Hz.HQHa). 3.35 (dd.lH^«4.1.19.4Hz.HCHe). 
4.07 (broad s.lH.4'-CH). 4.65 (overlapped nv2H,3'-CH and 5'-CH), 5.07 (dd,lHJ=4.1,11.7 Hz,0- 
CE-COCH3), 5.91 (broad d.lH.l'-CH). 6.35 (s,lH,OCH-0), 7.64 (dd, 1H^ ■= 2.5,8 JHz,ArH), 7.84 
15 (d,lH^=2.5Hz,ArH), 8.35 (d.lHJ«= 8.5 Hz^rH), 8148 (broad d,lH,NH), 10.23 (broad S.IH.A1OH). 
Step 8: 

(l'S;iS3R>>Metbyl (S.ltMikac-l-a'^-trideoxy-S'-ti^^ 
mtrobenaoyl-L^yxohexo-pyranose)-^ P»3-C] ' 

pyran-3-yI) ketone 

20 

Thx titl—i r*mpr*mA mmm pwynl hy applying th» «m«pnM«hiw — iWnlmJ in «t>y » QD (fee l'S, IS, 

3R, quinone glycoside of step 1 of this example. 

*H NMR (250 MHz, Aceton<M%): 1.32 (d,3HJ=6.4Hz,CH 3 ),2.08 (m.lH, 2'-CH2). 2.51 (m,lH,2'- 
C»2) 2.55 (dd,lHJ= 11.5,19 .5Hz,HQk), 2.96 (dd.lH r J=4.2,19.6Hz,HCH£), 4.51-4.62 (m.lH.3 - 
25 CH), 4.68 (dd.UU- 4^,113Hz,0-C|i-GOCH3), 5.52 (broad s,lH,4'-CH). 5.73 (broad s.lH, l'-CH). 
6.18 (S.IH.O-CH-O), 7.28 (dd,lIU«=2.6,8-5Hz^rH), 7.47 (dd. lH,J=2.6,8.5HzJVrH), 8.03 
(d.lHJ~8.5Hz.ArH). 8.38 (m,4H.ArH). 8.68 (broad <UH.NH), 9.85 (broad s,lH,ArOH). 

Step 9: 

30 (1'S,1S^R)-Metfayl (M<>-afcxo4^2'3%<''4rio^ 

rjxoh£xoprrai)ose}-74iyctroxy -3,4,5, 10-tefcrahydro [2^3-C] pyran-3-yI) ketone 
BCH-1180 



Application of the hydrolysis procedure described in step 3 of this example to the l 'S, IS, 3R tricyclic 
35 glycoside of step 1 1 resulted in the removal of the p-nitrobenzoyl protecting group. The titled compound 
had: 

*H NMR (250 MHz. Acetooe-dg) 1.73 (d,3H^«6.6Hz,CH 3 ). 2.17 (m.lH. T-CH^ 2 - 58 (m,lH,2 - 
CHj). 2.68 (s,3H.COCH 3 ). 2.90 (dd,lHJ=11.6, 19.7HzJICHa), 3.33 (dd,lH r J=4.3,19.8Hz,HqHe) > 
4.09 (broad s,lH,4 , -CH), 4.63 (m,lH,3'-CH), 4.95-5.06 (overlapped m,2H.5'-CH, and OCH.-COCH3), 
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5.91 (broad d,lH,r-CH). 6.51 (s,lH,0-CH-0), 7.65 (dd,lH, J=2.6,S\5Hz,ArH), 7.85 (d,lH.J=Z6 
H^ArH). 8.38 (a,H,J=8.5Hz, ArH), 8.52 (broad d,lH,NH), 10.18 (broad s,lH,ArOH). 

EXAMPLE 6 

5 ^-Hyd^-l'^'-dimoJ'-cyd^^ m«tliyl-(5 t 10^kB».3,4^,10- 

tetnbjdroaaphlbo [2>C] pymn-3-yD ketone 



Example 6: Tricyclic pyranylnaprtthoqtf nones with a squaric acid moiety. 
(HP 

(HP 




10 

Step 1: Bromomethyl (5^dwxo-5,Wibydit)ben^ U^C\ pyran-3-yl) ketone 

To a solution r*wit»tni« g coc equivalent of 5 y Mimethoxy-34mmio*c^^ (380mg r l.lmmol) in 

•cetooitrile (18ml), at 0*C under argon, was added dropwiae an aqueous solution of eerie ammonium 
15 nitrate (6.5g in 28ml H 2 0). After stining for 10 minutes, the mixture was extracted with 3 x 20ml of 
CH 2 Cl2- 1** combined organic layer was dried over MgS0 4 and men evaporated to yield 263 mg of 
pure titled coiit|wwiid 

»H NMR (250 MHz,CDCl 3 ): 2.43-2.69 (rn.lH.CH2). 2.82-3.07 (nUH.CH^, 4.24 (dd^H,CH 2 Br), 
4.4-4.6 (m,2H,CH 2 0 CHCOO^Br), 4.52 (d,lH, CH 2 0), 6.74 (dd,2H,HC=CH). 

20 

Step 2: Bramonetfaji (SaO-dkso-SaO-dib^dramvlitho [2^-C] pyran-3-yI) Ketone 

To a solution wn^fiiihig one equivalent of isoc h r om a n d ione (263mg, 0.92nmol) from step 1 f example 61 
in 25ml of dry toluene was added three equivalents (2.7mmol) of acetoxybutadiene. The reaction mixture 
25 was stirred overnight under argon at room temperature and men two hows at 60*C. After removal of 
solvent, the crude product was flash chromatographed (toluene/EtOAc,9:l). The titled orange compound 
was isolated (192mg) in 62% yield. 

l H NMR (250 MHz,CDCl 3 ): 2.4-2.6 (m,lH,CH2), 2.7-3.2 (m,lH,CH2), 4.3-4.4 (m£H,CH 2 Br), 4.45 
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(m,lH,CH-0), 4.6-4.7 (m,lH,CH2 0 >' 4.9-5.05 (m,lH,CH 2 0), 7.6 (nOH.ArH), 8.1 (m,2H,ArH). 



Step 3: ^'-Hydnny-l'^'-diaxo-S'-cyciobiitaxKj] methyl (5,1*- 
tetrahydro P,3-C] pyran-3-yI) ketone 



dioxo-3,4%5,10- 



10 



Under uses at room temperature, two equivalents (0.9mmol) of aquatic acid and two equivalents of 
C8CO3 (0.9mmol) wen disolved in 10ml of dry dimethyl fonsamide (DMF) (non homogeneous 
solution). To this solution was added one equivalent (0.45mmol) of the pyranonaphthoqui none from step 
3 (example 6). The solution was treated at 60*C for two hours. After cooling, 10ml of H 2 0 was added, 
and extraction was carried out with 3 x 10ml ETOAc After drying and evaporation, the residue was 
purified twice by preparative TLC. The titled compound was obtained in 30% yield. 
*H NMR (250 MHzwtcetone-d*): 15-2.6 (m,lH,CH2). 2.8-3.0 (m,lH, Crty, 4.4 (m.lH.CH-0), 4.6 
(overlapped m,2H,COCH20). 4.8-5.0 (m,2H, CH 2 0), 7.7 (m,2H,ArH), 8.1 (m,2H,ArH). 



15 EXAMPLE 71 

Ttttjt Itr pj— y »— p»««h~p«t"«"* flwnd— with si aquatic arid aide chain 

Example 7: TricyoBc pyrmrfaam°<*™nt, &coate with • souano acie moiety. 




II I 



»5 C 



mo 



o o 

1^ 



cocr, 



+ l^^bcptmer 




mo" MCF i 



+ U34itpimer 



PHBO 



( WHcocr 3 



+ l>*uepimer 



20 Stepl: (l'S,UU3S) and a^lS^RVBramomc^ W^^W3 , ^■*rid^-« , *^ 
r mH V *^m*M*jL.y^w*n**wr% acetamid^L4yxooexopynns^ 

tttnhj&roaMfhtho [Z.3-C] pjnm-3-yl) I 



Aft room ten^erature, under N 2 » to ooe equivalent (0.482 mmol) of a 1:1 mixture aurting quinone 
25 glycosides from steps 3 and 6 (example 1) dissolved in 6 ml dry tetrs hydra finan (IHF) was added 1*1 
equivalent of jqrridinium hydjoeromide perbioinide. After two hours, to the solution was added 7 ml 5% 
NaHCOs solution and extracted with 3 x 10 ml BtOAc After drying over Na2S0 4 and evaporation, the 
lesidwwaschramato^ toluene -5% EtOAc solvent Two major fractions were isolated 

corresponding to the 2 isomers (yield 40% of pure compotmds, tatto f 1/1 isomer). PMRs of (he 
30 aepanted miners are described in step 1 (example 8) and step 1 (example 9). 
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Step 2: 

(rS,lR3S) and (rSaS^RW^-bydraiy-r^ methyl 
5 (54<Wkiio-H2"^%a7 , -trid^^ 
lyxohexopyran^ 

The title compounds were obtained by applying the procedure described in step 4 (example 6) to the 
tricyclic glycosides from step 1 (example 7). 
10 *K NMR (250 MHz, GD3OD): 1.2 (&2Kf*-CR$, 1.9 (dd,lH,2'-CH2) f 2.42 (nUIU'-CH^ 4 6 
(m,2H,COCH2-0). 4.8 (nUH,OCH-CO), 5.5 (m, 1H,4'-CH), 5.8 (m,lH,r-CH), 6.1 (nUH.O-CjH- 
O), 7.7-7.9 (nUH, arom H), 8.05-8.1 (nw2H, arom H), 8.3-8.45 (m t 4H, arom H), 8.7 (broad d, 
1HJW), 3.1 (nUH,C 4 -H), 2.6 (m,lH,C 4 -H), 4.M.2 (overlapped m, 2H, 3--CH and 5*-CH). 

15 EXAMPLES 

Step 1: (T-S, 14L, 3^1^ l -3 > -6 1 -trideoocy^ t -p^trobcnzoyU3 i -tri^^ 
trsafaexopynum)-^^ 
(Z>c>-pyran 

Exaapl* 8 




This example exemplifies interconversion of functional groups wherein a methyl ketone; at is 
eventually converted to a substituted thiazole ring. 
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Stepl 

To a solution of (l^S4* f 3^1^?\3\6'Hiid«y* , -p«^^ 

lyxobexopyranose>3HKXtyl-5, 10«iioxo-3,4,5, 104eirmhydro-lH-fi^ (87 mg, 0.135 

mmole) in tetrahydrofuran (THF) (4.5 ml), stirred at room temperature, was added slowly a solution of 
5 pyridinhim hydrobromide perbromide (43.1 mg v 0.136 mmole) in 3 ml of THF. The resulting yellow 
liquid was stirred for 2 hours at room temperature, then poured into water. Methylene chloride was used 
to extract the crude product from the aqueous layer. The combined methylene chloride extracts were 
washed with brine (10 ml) then dried over anhydrous sodium sulfate. Hie organic solvent was 
evaporated and the crude product was obtained as a orange oil (98 mg). Chromatographic purification (by 
10 volume, ethyl acetate: toluene ' 1:5) of the crude product gave a yellow sticky solid (40 mg) as a pure 
compound. A mixture (48 mg) containing the product (>34% mol) and unreacted starting material 
( < 66 % mol) was also obtained. 

M.P. (Electrothermal IA-9100): 125-130°C; decomposed at 175°C. 

*H NMR (250MHz, acetone^): 1.25 (d f 3HJ=6.5Hz f 6'-Ol 3 ), 1.97 (dd, lH,J=4.8Hz,13.7Hz,2'- 
15 HCfia), 2.48 (d%lHJ- 4.2Hz, 13.7Hz t 2 , -HC5ic) > 2.64 (dUlHJ«11.6Hz^S.6Hz,4.HqHa), 3.14 
(dd,lBU«5.7Hz^5.6Hz,4-HCHe) > 4.66 (S,2H,COCH 2 Br )» 4 71 (qut,lHJ«=6.5Hz4 , -CH). 4.83 
(overlapped m^UU'-CH), 5.08 (dd, 1H, J»5.7Hz,11.6Hz,3-GH), 5.52 (bs,lH,4 f -CH), 5.79 
(bd%lHJ=3.0Hz,r-CH), 6.10 (S,1H.1-CH), 7.90 (m,2H,7,8-ArH), 8.08 (m,2H,6,9-ArH), 8.36 
(dJHJ»7.4HzJNB-COC (CH)^, 8.41 (o%2HJ-7.4Hz,PNB-N02C(CH)2), 8.75 (a\lH,J=7.7Hz,3- 
20 NHCOCF3). 

IR(Nicolet 205 FT, film on Nad tablet), cm" 1 , 3625.9 (br,w), 3346.4 (str) 3079.5, 2955.5, 1732.6 (str), 
1665.4 (str), 1596.0, 1530.9, 12743 (str), 1173.7, 1100.1, 974.04, 959.33 (m), 875.28, 721.29 (m). 

Step 2: (l'Sa-R^^l^'^^-trideox^^ 
25 iyjmtoopyranose)^^ 
naphthM2y3<)py">P 

To a myfiMnti of thiourea (2.2mg, 0.027 mmole) in ether (2 ml) was added a solution of bromomethyl 
ketone (20 mg, 0.026 mmole), from the previous step in methylene chloride (1 ml). The reaction 
30 mixture was stirred at room temperature for 20 -wmit«« when a newly formed white suspension was 
observed. The teaction mixture was further stirred for 3 hours. 

Solvents were removed under reduced pressure to give a white solid which was treated with saturated 
sodium bicarbonate aqueous solution and extracted with methylene chloride (4x3 ml). The organic layer 
was dried (over sodium sulfate) and evaporated to give a crude product which was chxomatographed (by 
35 volume, cUorofbrnumethanol 100:3, with one drop of pyridine) to yield the titled substance (3.5 mg) as 
a light colored solid. 

M.P. (Electrothermal IA-9100): 142°C (decomposed). 1 H NMR (250 MHz, acetone-dg), fi: 1.13 
(d,3H^«6.7Hz,6*<M 3 ), 1.92 (dd,lHJ=5.4Hz, 12.8Hz,2 , -HCSa), 2.42 (dt,lH,J=3.4Hz,12.8Hz,2'- 
HCge), 2.71 (dd,lH, J= 12.2Hz,20.3Hz,4-HCHa) > 3.12 (dd,lH t J«3.4Hz,20.3Hz.4.HqHe), 4.65 
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(m,lH,3'-CH), 4.67 (qua,lH,J=6.7Hz,5'.CH), 5.18 (dd,lH,J= 3.4Hz, 12.2Hz,3-CH). 5.50 (bs,lH,4'- 
CH), 5.68 (d\lH,J=2.7Hz,r-CH), 5.99 (s,lH,l-CH), 6.67 (S,ffl,thiazole-CH), 7.90 (m^H,7,8-ArH), 
8.11 (m,2H,6,9-ArH), 8.35 (d > 2H t J=9.4Hz,PNB-COC(CH 2 ), 8.42 (d,2H,J«9.4 Hz, PNB- 
N02C(CH)2). 

5 IR (Nicole* 205 FT, film on NaCl plate): cm' 1 , 3455.4 (w), 3346.8 (str), 3119.6 (w), 2923.8, 2850.3, 
1731.5 (str), 1665.0 (str), 1532.2 (str), 1273.4 (str), 1217.5, 1182.5 (m), 1161.5 (m), 1101.8, 1005.5, 
957.36 (m), 874.2, 721.18 (m). 

Step 3: (l , S,l-R>S>-l^ f 3\6 , ^dea^-3 , ^iwro«^ 
XO lyjMhcropyrancee)-^^ 
mn»phtho-{2,3-c]-pyran 

A solutioD of bromomethyl ketone (lOmg, 8mmol), from step 1 (example 8), in methylene chloride (0.5 
ml) was added to an ether solution (2 ml) of lnnethylthiourea (l.lmg, l.Ommol). The reaction mixture 

15 was stirred for 3 hours at room temperature then 3 hours at 40°C. Solvent was evaporated and the crude 
product was analyzed by *H NMR to see if the reaction was incomplete. The reaction mixture was 
redissoWed in methylene chloride (0.5 ml) and ether (4 ml) and then stirred with newly added 1- 
acetylthiourea (1 mg, 1.0 mmol) and sodium iodide (0.06 mg, 0.05 moL eqv.) at 40°C for 1 hour. 
Solvent was evaporated to give a crude product which was chromatographed (Eluent in volnmn ratio, 

20 chlorofbrnrmethanol 20:1, with 1 drop of pyridine) to yield the title substance as a light colored solid (6 
mg). 

M.P. (Electrothermal IA-9100): 145-150°C, decomposed at 195°C. 

*H NMR (250 MHz, acetones^), 8: 1.09 (d,3IU«=7.4Hz,6'-CH3), 1.92 (dUlH,J-4.7HU2.1Hz,2'- 
HCBa), 2.42 (dt, 1H,J - 2.3Hz, 12. IHz^-HCBe), 2.75 (dd,lH,J=l 1.7Hz, 19.5Hz,4-HQBa), 3.14 
25 (ddMHJ«2.3Hz, 

19^Hz,4-HCHe), 4.62 (oua f lHJ-7.4Hz,5 i -CH), 4.64 (m,ffl,3'-CH), 5.31 
(d^lH,J«2.3Hz,11.7Hz>CH), 5.47 (bs,lH,4'-CH), 5.68 (bs,lH, I'-CH), 6.00 (s,lH,l-CH), 7.20 
(sJftthiazole^H), 7.90(m f 2H f 7.8-ArH), 8.11 (m,2H,6.9-ArH), 8.34 (d^J=7.8HzJ>NB:CO-C- 
(CH)^, 840 2H^-7.8Hz,PNB:N02-C-(CH)2), 8.72 (d # lH f J-7.4Hz, 3'-NHCOCF 3 ), 11.08 
30 (S.lH.thiazole-NHAc). 

IR (Nicolet 205 FT, film on Nad plate): 3539.7 (br,w), 3296.1 (str), 3083.7, 2919.4 (str), 1732.7 (str), 
1667.5 (str), 1593.9 (w), 1545.7 (str), 1528.7 (str), 1127.1 (str), 1217.2, 1183.2, 1166.2, 1104.0, 
1008.9, 975.46, 956.53, 718.14 (m). 

35 Step 4: (l , ^,l-R3^4K2 , ^%6 , ^d^ acetmriA^yxohexopyr^ 
y^miHn tbiazolyD-5,l(MD(ix<H3 

To an ice<old solution of PNB^erivative (3mg, 4.1 mmol), from the previous step, in a tri-soivent 
system containing water (98 mO, MeOH (422 jd) *nd methylene chloride (158 jd) was added an aqueous 
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sohiticm (20 §d) of sodium bicarbonate (0.S1 mg, 6.11 mmol). The reaction mixture was then stirred at 
room temperature for 1 hour. When the reaction was completed, (as judged by thin-layer- 
chromatography), the reaction mixture was poured into a bi-Uyer system of methylene chloride and 
saturated aqueous ammonium chloride solution (5 ml/5 ml). The well-shaken mixture was then allowed to 
5 settled and the organic layer was separated, dried over sodium sulfate, and evaporated to give the titled 
substance as a light colored solid (1.4 mg). 
M.P. (Electrothermal IA-9100): 16XM65°C decomposed at 195*C. 

*H NMR (250 MHz, acetone^, 6: 1.12 (d,3H,J=7.9Hz,6'-CH3), 1.24 (dd t lH f J«6.7H2 > 15.0Hz > 2 , - 
HCfia), 2.14 (dt # lH4»4.2Hz t 15.0Hz f 2-HCHe) t 2.25 (s,3H,COCH 3 ), 2.64 
10 (dd,lHJ=12.5Hz f 20.9Hz,4.HCHa), 3.13 (dd f lHJ-4.2Hz,20.9Hx,4-HCBe) f 3.63 (bs,lH,4'^CH), 
4.21 (qua,lH, J=7.9Hz, 5*-CH), 4.30 (m,lH,3'-CH), 5.26 (dd t lH f J«4.2Hx # 12.5Hr t 3 , ^H), 5.50 
(d,ffi,J=2.4HZ,l , -CH) > 5.97 (s,lH,l-€H), 7.12 (s, 1H, tbiazole-CH), 7.90 (m,2H,7.8,ArH), 8.10 
(m,2H,6.9,ArH), 11.07 (s,lH,thiazole-NHAc). 

IR (Nicolet 205 FT, film on NaCl plate): 3668.0-3119.7 (peaked at 3268.3,br,str), 3073.7 (w), 2925.1, 
15 1711.8 (str), 1669.4 (str), 1591.6 (w), 1549.1, 1375.8, 1290.9 (str), 1170.6, 1006.5 (w), 984.49(str), 
716.33 (w). 

Step 5: a^l-R^SH-a^?^^ aa*Bjniik>4^yxobexop 

«nmothian>lyl)>5, Oniioxo^,4£aO**rsJiydr^^ pyran 

20 To a sample of PNB-derivative (2*5 mg, 3.5 pmol) from step 2, dissolved in a tri-solvent system 
containing water (S5.7>d)> methanol (370pl) and methylene chloride (138pl), at 0°C, was added a 
solution of sodium bicarbonate (0.66 mg, 7.0 pmol, in 30pl of water). The reaction mixture was stirred 
at room temperature for 1.5h untill a total consumption of the starting material. It was poured into a 
satmated sodium bicarbonate solution (4ml) and evaporated with methylene chloride (5x2ml). The 

25 organic layer was dried over sodium sulfate and then evaporated to give a crude product which was 
further purified by recrystaHzation from methylene chloride/hexane to give an off-white solid (1.5mg). 
M.P. (Electrothermal IA-9100): 142-146*C 

*H NMR (250 MHz, acetone-d*), 5: 1.14 (d,lHJ=5.9Hz,6 , -CH 3 ), 1.74 (dd,lHJ«12.5Hz,4.8Hz,2'- 
HCHa), 2.11 (m,lH,2'-HGHe), 2.62 (dd,lH, J=11.8Hz,18.4Hz,4'-HCHa) f 3.12 
30 (*UH,J«4.2Hz,18.4Hz,4-HCHe), 3.65 (bs,lH,4'-CH), 4.24 (qua,lH,J«5.9Hz,5'-CH), 4.33 
(m,lH,3'-CH), 5.11 (dd,lH,J«4.2Hz,11.8Hz,3-CH), 5.48 (bd,lHJ» 3.0Hz, l'-CH), 5.92 (s, HU- 
GH), 6.57 (MH,thiazoltHCH), 7.87 (m,2H,7.8,ArH), 8.08 (m,2H, 6.9,ArH). 

IR (Nicolet 205FT, film on Nad plate): 3423.9 (str), 3341.1 (str), 2927.0, 2853.4 (w), 1718.5 (str), 
1664.4 (str), 1597.5, 1524.7, 1335.0, 1300.1 (str), 1174.0, 100.4, 984.61 (str), 724.51, 707.71. 

35 

EXAMPLE 9 
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ta 9 

HHAC 






V 

0 0 



PW0 MB ° »yJ 3 

PNBO 



BCH-11W 



CO? 

0 0 



NHAC 
N^ 



f NHCOCF^ 
ON 



Step 1: a^l^^RHKT^'-frideao^ 
lyartexopyrano^ 
5 DW-cl-pjran 

To a solution of (r^ t l^>RHK2\3\6'-tiuto^ 

lyxoheoEopyxsi^ (50 mg, 0.077 

mmol) in tetrahydrofurm (3 ml), stirred at room temperature, was added a solution of pyridimum 

10 hy di ob romi de peroromide (24-5 mg, 0.077 mmol) in THF. The reaction mixture was stirred for 2 hours 
at room temperature, then poured into water (10 ml) and extracted with methylene chloride (3x5 ml). 
The combined organic extracts were washed with brine (5 ml), and dried over sodium sulfate. The 
solvent was evaporated to give a crude product (68 mg) from which, via flash chromatography (eluent in 
volume ratio, totaenecethyl acetate' 10:3). a pure sample of the titled substance (27 mg) was obtained as a 

15 light yellow solid. Unreacted starting material (10 mg) was also obtained. 

*H NMR (250 MHz^cetooe-d^), S: 1.33 (d,3H^«6.8Hz,6 , -GH 3 ), 2.02 (dd, 1H.J -4.9Hz, 13.5Hz f 2 - 
HQ{a), 2.48 (dt,lH^«5.8Hz,13.5Ha^2 , .HCBe), 2.78 (dd,lHJ«=12.1Hz,20.3Hz,4-HCBa) t 3.12 
(dd,lH, J«4.0Hz, J«20.3 Hz,4-HCH©), 4,29 (m,lH,3'-CH), 4.52 (d,lH^«13.8Hz,BrHC&e), 4.67 
(d,lHJ=13.8Hz,BrHCBsi), 4.88 (qua,lHJ-=6.8Hz,5 , ^H), 5.04 (dd,lH, J«4.0Hz,12.1Hz,3-CH), 

20 5.53 (bs,lH,4 , -CH) t 5.85 (bd,lHJ=3.4Hz,r-CH), 6.24 (s,lH,l-CH),7.90 (m,2H,7,8-ArH), 8.10 
(m,2H,6,9-ArH), 8.48 (qua-like m,4H,PNB-ArH), 8.70 (bd, 1H J=7.4Hz,3 , -NHCOGF 3 ). 

Step 2: (I'^l-S^RH^'^'^'-trtd^oxy^'-O-iHi^ 
lyxoliexopyraii06e)-3^2-aa-3-acet8jm 
25 naphtho^,3-c]-pynui 
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A sample of l-«cetylthiourca (1.06 mg, 9.0 mmol) in ether (2 ml) was stirred at room temperature while 
a Bohition of bromomethy 1 ketone (9 mg, 8mmol), from the previous step, in methylene chloride (0.5 ml) 
was added. The resulting mixture was stirred for 3 hours at room temperature and then for 4 hours at 
5 40°C. Solvent was evaporated to give a crude product which was purified via flash chromatography 
(eluent in volume ratio ddoroformimnthanor 100:7, with 1 drop of pyridine added), to yield a product, 
which was further purified by recrystallizatton from GH^G^/hexane; The titled substance was obtained 
as an off-white solid (4mg). 

J H NMR (250 MHz, acetone-4g), fi: 1.33 (d t 3H^-=7^Hz,6*-CH 3 ) > 1.96 (dd f lHJ«5.8Hz,15.2Hz v 2 v - 
10 HCRa), 2.28 (s3H,COCH 3 ), 2.49 (dt,lH, J- 3.8Hz t 15.2Hz,2'-HCHe), 2.76 
(dd,lH J« 12.5HzJO,OHz,4-HC»0, 3.15 (dd,lH^«4^Hz^0.QHz,4-HQ{e) t 4.60 (m,lH,3*-CH), 
4.92 (qua,lH, J«7^Hz t 5*-CH) v 5.24 (dd\lHj"4.2HM2.5Hz,3-GH) > 5.55 (bs,lH,4'-GH), 5.68 
(bd,lH4-3.0Hz,r-CH), 6.16 (s,lH,l-CH), 7.18 (b,1H, thiaxole-CH), 7.92 (m^H,7,8-ArH), 8.14 
(nv2H,6,9-ArH), 8.36 (d,2H, J«=8.3Hz,PNB^COC(CH)2), 8.42 (d,2H J° 8.3Hz,PNB-N02C(CH)2), 
15 8.74 (bd, lH,J=7.9Hz, 3/-NHOOCF3), 11.07 (s t lH t thiazDle-NHAC). 

Step 3: a , ^4-S3*HK2 , 3%« , ^o>ray^ , -triflu^ acetaimdo^^rxohe^ 
stfcsnmido-thiazoly^ 

20 A sample of the PNB-derivaiive (4.0 mg, 5.5 mmol), from the previous step, was taken into a solvent 
system containing methylene chloride (212 pi) methanol (566 pi) and water (131 jd), and cooled to 0°C. 
An aqueous solution of sodium bicarbonate (0.69 mg, 8.2 mmol in 20 pi of water) was then added to the 
reaction mixture. The reaction proceeded at 0*C for 1 hour and at room temperature for 20 minutes. The 
reaction nurture was poured into a mixture of methylene chloride and saturated ammonium chloride 

25 aqueous solution (5ml/5ml). The organic layer was separated, dried over sodium sulfate and then 
evaporated to dryness. Hie crude product was recrystalued from dichforomethsne/hexane to yield the 
titled substance as a light-colored solid. 
M.P. (Electrothermal 1A-9100): Decomposed at 195°C. 

*H NMR (250 MHz, acetone-d*), £: 135 (d v 3H r J«7^Hz,6'-GH 3 ); 1.76 (dd 9 lH f J«5*8Hz,14^Hz v 2'- 
30 HCBe), 2.16 (dXlH4-4.2Hx,14.2Hx,2 , -HCHe) > 2.75 (dd,lH4«12.1Hz»20.2Hz,4-HqHa), 3.12 

(dMHJ«4.0Hz, 20.2Hz,4-HCHe), 3.72 .(bs,lH,4'-CH) f 4.28 (m,lH,3'-CH), 4.58 (qua,lH, 

J«7^Hz,5 , -CH), 5.18 (dd,lHJ«4.0Hz,12.1Hz,3-CH), 5.48 (bd,lH, J=2.9Hz,r-CH), 6.10 (s,lH,l- 

CH), 7.16 (s,lH t uiiaxole-CH), 7.90 (m,2H,7,8-ArH), 8.11 (m,2H f 6,9-ArH), 8.17 (d,lH,overlapped,3'- 

NHCOCF 3 ), 11.07 (s,lH,tfuaiol*NHAc). 
35 IR (Nicole* 205 FT, film on Nad plate): 3746-3048 (peaked at 3388.3, br 9 str), 2923.2, 1712.9 (str), 

1664.9 (str) t 1591.9. 1550.1, 1535.5 (str), 1289.3 (str), 1243.4 (m), 1145.4 (w), 1124.5, 1080.7, 

1001.5, 971.57 (str), 936.11, 709.75 (w). 
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EXAMPLE 10 

Example 10 




5 Sftepl: Mediaat)leiii-N^Miimethylhydraa)ne 

Under N2, at room temperature, was mixed 3g (50mM) of dixnethylhydrazme in sodium phosphate 
solution 7.1g (50mM) in 50 ml H2O and 3.5g (50mM) methacrolein. The mixture was vigorously stirred 
for 10 minutes at 60°C and then 30 ininutes at room temperature. The solution was extracted with Et 2 0 
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(3x40 ml), dried over MgSO^ and evaporated. The residue was flash cfcramatographed using CH2CI2 as 
eluent; 5. Ig of colorless oil was isolated. 

*H NMR (250 MHz, CDa 3 )6? 2.13 (s,3H,CH 3 ), 3.04 (s,6H,N(CH 3 >2), 5.23 (broad s,lH,C=CH2), 
5.32 (broad s4H,C-=CH2), 7.25 (s,lH,C«CH). 

5 

Step 2: (l'S,lSp3R) and (l'SOR^S) methyl (H2'^6'-tricfcoxy.3'-tr^^ 
nitrobenxoyl-LJyxolra^ 
naphiho [2,3<] pyran-3-yl ketone 

10 Under N2 at room temperature, to 235 mg (0.394 mM) of qmnone from step 1 (example 5) dissolved in 
20 ml of dry THF , was added 1.1 eq. (47 mg, 0.399 mol) of hydraxone from step 1 (example 10), and 

1.1 eq of p-toluene sulfonic acid (0.4 mM, 76 mg). After 6tirring 1 day at room temperature, the 
mixture was poured into 20 ml of H2O, and extracted with EtOAc (3x15 ml). After drying and 
evaporation, the residue was flash chromstographed [EtOAc 1: toluene 3] to give 95.1 mg of titled 

15 compound (40% yield). 

] H NMR (250 MHz, CDC1 3 )8: 1.22 (d t 3H,5'-CH 3 ), 1.75 (dd ) lH,2 , -CH 2 )' 2." (m.lH.r-CHk), 2 - 32 
(sJH.COCH^ 239 (sJH,Ct-GH3), 2.62 (overlapped m,lH,H-C 4 -H). 3.1-3.3 (m,lH,HC 4 H), 4.32 
(m.lH^'-CH), 4.53 (m,LH,CHCOGH 3 ), 5.4 (m,lH,3'-GH); 5.5 (m,lH,4'-CH), 5.7 (m,lH, l'-CH), 

6.2 (s,lH,C|-H); 6.4 (m, broad, 1H,NH), 8.2 (overlapped m, lH t C 6 -H-arom) t 8.2-8.4 (m,4H,p- 
2 0 mtobenxoyt), V2 (m, lH,Cg-H arom). 

Step 3: (TSJS JR) nod (l'S,UUS) methyM-f2'^6'^deox^ 

Mraofaerairyrauios^^ [2*3* 
c] pynm-3-yl ketone 

25 

To 80 mg (a 121 sail) of smq uin ooe from step 2 (example 10), dissolved in 13 ml MeOH and 3.2 ml 
H2O, was added 10.4 aag (0.121 mM) of NaHCC^. After stirring for 2 hours, the reaction was over, 
and 15 ml of HjO mm added. The mixture was extracted with 3x15 ml EtOAc After drying and 
evaporation, the raatdoa was purified by preparative TLC and yielded 30.4 mg of pure titled compounds 
30 (50% yield). 

l H NMR (250 MHz, CDCfyB: 1.24 (cU*U= 6.5Hz, CH 3 ), 1.76 (dd.lH^-Cr^ <nUH,2'- 
CH2), 2.30 (s,3H f COCH 3 ), 2.58 (s,3H,Cr-CH 3 ), 4.3 (m,lH^'-CH), 4.52 (m,lH f qB-COCH 3 ), 5.3 
(dd,lH,3'-CH), 5.5 (dd,lH, 4'-GH), 5.6 (m,lH,r-CH), 6.1 (s,lH,C r H), 6.4 (m, broad, 1H,NH), 8.2 
(nulH^-H arom), 8.9 (m,lH, Cg-H arom). 

35 

EXAMPLE 11 
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Example U Preparation of naphtof^-C] pyran glycosides of 2-deoxyfucosc. 



o o 




Stepl: Dnp^ihrobflDzxiyl-L-riaad 

5 

To a stirred solution of diacetyl-L-fucal (114 mg, 0.53 mmol) in methanol (2.5 ml) was added a solution 
of sodium mrtrjoxidr in methanol (25ul, 4.37 M v 0.1 mmol) after 45 minutes, methanol was evaporated 
under vacuum. The crude product was dissolved in CH 2 a 2 £* 5 "d) and pyridine (1 J ml) and at 0°C r 
p-nitrobenzoyi chloride (2.1 mmol, 390 mg) was added. After a few minutes at 0°C, the reaction 
10 mixture was poured in CfyCLl (20 ml) and washed with water, NaHC(>3 10%, and then brine. The 
titled product was purified by flash chromatography (hexanes/acyl acetate (AcOet 5: 1)) (MP: 130-132°C) 
(21Qmg, 90%). 

*H NMR (250 MHz, CE^CI^: 1.40 (d,3H,-CH 3 ), 4.40 (q,lH,H-5), 4.85 (m,lH,H-2), 5.65 
(m,lH,H-4), 5.90 (m,lH,H-3), 6.6 (m,lH,H-l). 
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SUp 2: 

(1'S,1S^R) and l%UUS)-me*hyl-M2\6'^d^ 

lyxoboopyreiMseVM pynm-3-yl) 
5 ketone 

To a mixture of methyl (1 -hydroxy-5,8-dioxo-5 1 8-dihydroisochromaB-3-yl) ketone (698 mg v 3.1 mmol), 
l^^ydn>-3,4^-OimHUtiota (l-58g, 3.7 mmol), and 

molecular sieves 4 °A (3.8g) in CH 2 Cl2 ( 15 ° ** -60 C C, was added triemylamine (0.24 ml, 1.7 

10 mmol), and trimethylsilyl triflooiDinethanesulfonate (0.64 ml, 3.3 mmol), subsequently. After stirring 
for 40 minutes, the reaction was quenched by adding aqueous NaHCO^ (50 ml) at -60°C and gradually 
warmed up to room temperature. Insoluble* were filtered off and the filtrate was extracted into O^C^- 
The organic phase was washed with aqueous HQ (0.1N), 100ml, water and brine, dried over MgSC>4 and 
the solvent evaporated to give 2.36 g of crude isochromandione glycoside. This was used without any 

15 further purification. To a solution of the quinone (mixture of diastereoniers: 0.16g, 0.25 mmol).in 2.5 
ml of dry toluene, under argon at room t emp e ratu re, was added 1-acetoxybutadiene (0.15 ml, 5 eq) and 
the reaction mixture was stirred for 18 hours. Silica gel (1.0 g) was men added and air was bubbled 
through the suspension. After 15 minutes, the mixture was chromatographed (silica gel, 3:1 
hexanes/ethyl acetate) to give 0.13 g (74%) of compound 178-24-01 (1:1 mixture of ditftereomers) as a 

20 yellow solidimp. 129-132. *H NMR (CDa 3 )S: 8.34-7.73 (m,12H), 6.234-6.06 (2s, 1H), 5.82+5.72 
(2a\lH,J=2.8), 5.62-5.52 (m,2H), 4.88+4.43 (2q,lH,J=6.5), 4.62+4.58 (2dd,lH,J«4.1.11.5), 
3.10+3.02 (2dd,lH,J«4.1,6.1), 2.62-2^10 (m,3H) t 2.35+2.33 (2s*3H), 1.42+1.28 (2d,3HJ«6.5). 

25 

EXAMPLE 12 
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■CH-1607 

Step 1: 2£4>mieihoau-M2^dn^ k*** 1 

To a cooled (-15 # Q sohition of 2^dime^xybenzild^ydfidioxAne acetal (13.2 g; 44.6 mmol) in 300 
5 ml of anhydrous diethyk&er was added dropwise, under argon, n-Buryllidiium (32.2 ml of a 2SM 
■olution in hexaaes,803 mmol). The mixture was warmed to -7*C and was stirred at this temperature for 
5 hours. The resulting mixture was cooled to -78*C, treated with boron trifluoride etherate (21.8 ml; 177 
mmol), and 1,2 epoxybutane (10.2 ml; 119 mmol). After stirring at -78*C for 60 minutes the reaction 
mixture was quenched with a saturated solution of bicarbonate and then extracted with ether. The organic 
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layers were combined, washed with water, end brine, and were dried over MgSO^ Removal of the 
solvent gave a crude oil which was purified by column chromatography on silica gel using 25% ethyl 
acetate in hexane to afford 2.39 g of pure starting material (18%) and 5.21 g (52% based on S.M. 
recovered) of 2JS dimethoxy-6-(2 hydroxy butyl) henaldrhydedtoxanr acetal as an oil . 
5 *H NMR (250 MHz, CDa 3 )6: 0.95 (M-7.3 Hz^-Cr^Qk)' 1.35 (1H, dmJ-13.6H2,-CH r 
CRHeq-CH^ uss (2H^<H r CH 3)' 2.18 (lH4n,^ r C B Hax- CH 2-) 2 - 98 (!H,ddJ=2.7 and 13.7 
Hz,«C^H 2 ' CH - <> )» 3 36 0H,dd, J=10.3 and 13.6 Hz=C-CH 2 - CH " 0 ) 3 65 (3H ( s,-OGH 3 ), 3.66 
(3H,s,-6CH 3 ), 3.60 - 4.10 (ffi^-CHHoq-O-t-QI-OH), 4.16 (2H,tn,-CHHax-f>), 6.16 (1H, 8,-O-PB- 
O-), 6.61 (lH,d,J~9.0 Hz,Ar-H), 6.70 (lH,d\J=9.0 Hz,Ar-H). 

10 

Step 2: 5,ft-Dmetlio^ 

To a stirred solution of 2,5 diinethoxy^24iydroxyburyl) benzaldehydedioxane acetal (5.2 g; 17.6 
mmol) in 700 ml of THF at room temperature was added dropwise 25 ml of a IN solution of HQ. The 

1 5 resulting mixture was stirred for an hour at room temperatu re and then quenched with a saturated solution 
of sodium bicarbonate. It waa then diluted with 1000 ml of dichloromethane and the aqueous layer, after 
separation, was extracted twice with dkfataomethane. The combined organic layers were washed with 
brine and dried over MgSO^ Evaporation of the solvent gave pure 5, 8-dimethoxy-3<thyl-l-bydroxy- 
iscchroman (4.1 g; 98%) which could be recryatalized in dicbloiomethaiie/hexane to give white crystals 

20 (M.P.:108.9-110.1 # C). 

*H NMR (250 MHz, C^D 6 )S: 1.02 (3H,U«=7.4 Hz,CH 2 -Ql3). 1-60 (IH^n, 

-OQI-CH3), 1.76 (IHA-CSH-CH3X 2.48 (lH.dd^-11.6 and 17.3 Hz, Ar-CH-fl,*-), 2.88 
(UUdJ~3.3 and 17.3 Hz, Ar-CH-fle,,), 2.98 (1HAJ «3.9 Hz,-OH), 3.34 and 3.38 (6TUS,-0-CH 3 ), 
4.28 (lH,m,-Qi*CH2- CH 3)* 6 40 (2H v m,ArH and -O-CH-O-), 6.46 (lH,d,J=8.8 Hz,ArH). 

25 

Step 3: 3-£thyM^dimyHSOchiTO 

To a stirred solution of 5,8-dimethoxy-3-emyM4iydroxy^ (760 mg; 3.19 mmol) in 160 ml of 

acetonitrile at 0 # C was added dropwise a aolution of eerie ammonium nitrate (CAN) (5.25 g; 9.57 mmol) 

30 and sodium bicarbonate (1.45 g; 17.2 mmol) in 40 ml of water. The resulting mixture was stirred for an 
hour at 0°C and was quenched by adding a saturated bicarbonate solution. The aqueous layer was 
extracted 3 times with diddoffomethane and the combined organic layer was washed with water, brine, 
and dried over MgSO^ Evaporation of solvent gave a crude quinone which was suitably pure to undergo 
further reactions (600 mg; 90%). 

35 l H NMR (CDa 3 )8: 1.02 (3H,U=7.4 Hz,-CH r di3)» 1 - 70 (2H,m,-CB 2 - CH 3)» 215 
(lH,ddd,J= 1.1,12.4 and 19.5 Hz^-CH-H^-). 2.60 (lH,ddJ=3.2 and 19.5 Hz,Ar-CH-H e q-) ) 3.20 
(lH,br s,-OH), 4.08 (!H t in,-CH-CH r CH 3)' 5 91 (IHa-O^H-O-), 6.76 (2H, 2 parts of an AB 
system, Ar-H). 
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Step 4: (TS, lS 9 3S)«nd (I'S, 1R, 3R)-54Mk«o^^ 

Uyxobexo-frjrr^^ P3-C] PJ™ 

To a cooled solution (-60°C) of 3^yl-l^ydroxy-iBOchroman-5,8-dionc (150 mg;.72 mmol) in 
5 dichloromesdiane (40 ml) were added sequentially molecular sieves (4A, 864 nig), 3 ,4-di-O-acetyl-L-fucal 
(246 mg; 1.15 mmol), tnediylamine (56 /tl) and trimethylsilyl trifluoiomeu^aneailfonate (138 §A; .72 
mmol). The resulting mixture was stirred at -60°C for 3 hours and was quenched with an aqueous 
saturated bicarbonate solution. Extraction with mchloromeihane was followed by washing of the 
combined organic layers with IN HQ, brine, and then drying over MgS0 4 . Following evaporation, 407 

10 mg of the resulting crude thick oil was dissolved in 20 ml of toluene. To mis solution was added 1- 
acetoxy-l,3-butadiene (521 mg; 4.82 mmol) and the resulting mixture was stirred at room temperature 
for 18 hours. Solvent was then partially evaporated to about 4 ml volume and the residue was applied to a 
column of silica gel (eluent, toluene, ethyl acetate 90:10) affording 2 fractions. The first one (48 mg, 
14% overall) contained a 2:1 mixture firvoring the (I'S, lS3S^5,l(Wioxo-3-ethyM-(2^3^4^6 , - 

15 tetradeoxy-3\4'-<liace^ 12,3-CJ pyran over its 

(I'S, 1R, 3R) isomer and a second fraction (157 mg; 46ft overall) consisting in a 1-5:1 mixture of the 
- same major diastBreomer that was about 80% pure from *H NMR analysis. 
*H NMR (1'S,1S,3S isomer, CX^O^ 1.00 (3H,U=73Hz.-CH 2 -qH3). 1-23 (3H,dJ<o6.4Hz,6'- 
CH3), 1.55-2.20 (4H,m,-CH r CH3 and H-2'), 1.89 and 2.12 (6H,2s.O-=C-Qi3), 2.27 (lH,dd,J= 11.3 

20 and 19.3Hz3ax-4), 2-74 (lH,ddJ-3.3 and 19.51^,^-4), 3.95 (lH,m,H-3), 4.58 (1H. q,J«= 6.5 
Hz3-5'), 5.10 <2ILm,H-3 , and H-4'), 5.46 (lH,d,J=3.5Hr,H-r), 5.95 (IHaH-1). 7.75 and 8.05 
(4H,2m,Ar-H). 

J H NMR (1*S,1R,3R isomer, CX^a^: 1.01 (3H,M-=7.3Hz,-CH 2 -CH.3). 1.11 (3H,d,J«=6.5Hz,6'- 
CH 3 ), 1.55-2.35 (5H,m,-qB r CH3.H-2 > and H„-4), 1.89 and 2.12 (6H,2fi.O=C-Qi3), 2.74 
25 (lH,d<U=3.3 and 19.5Hz, Heq-4). 4.00 (lH,m,H-3). 4.22 (lH,q,J«6.5Hz3-5 , ). 5.10 (2H^H-3' 
and H-4'), 5-54 (UW«3.0Hi3-l'), 5.79 (1H*H-1), 7.75 and 8.05 (4H,2nvAr-H). Tne (1'S,1S,3S) 
dj as te woi Bo mer was obtained pure by recryHUli7atinp. 

EXAMPLE 13 
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l-Thiobezi2ZMteKpn^nn-2-one (10.083g,51.97rnmole) was dissolved in MeOH (100ml), cooled to 0°C, 
followed by the slow addition of NaOMe (4.37M, 14.3ml ,62.36mmoI). The resulting mixture was stirred 
at 0°C for 3/4 nr. It was then cooled to -78°C followed by the slow addition of 2 t 3Hiibnmiomethyl*l P 4- 
dtmethoxybenzene (6.74g,20.79 mmol) in CH2 a 2 : McOH (60:20ml). The resulting mixture was slowly 
5 warmed to R.T. and stirred for 2 1/2 his. NH4CI (saturated solution) was added and it was extracted with 
ethyl acetate. The rernHrr^ 1 organic phases were dried over MgSO^ filtered and concentrated in 
vacuum. The crude obtained was flash chromatogranhed to give -the titled compound (2.08g,8.25mmol) 
in 41% yield. 

*H NMR (250MHz, CD 3 COCI>3)5: 2.31 (s,3H,CH 3 ),2.83(dd,lH J= 1.06. 8.55 Hz, HC^CH-S), 2.99 
10 (dd,lH,J=2.44,6.17Hz, HCHgCH-S), 3.44 (mJH, CH-S), 3.78 (2s,6H,OCH 3 ), 3.85 (2H,CH 2 -S), 
6.78 (dd,2H, J=8.95, 12.58Hz,ArH). IR (cm' 1 ): 2900: CH f 1707: OO. 

Step 2: Trar^3-acs40-l^,8-4^^ 

and tis-3-«*to-14 t &-trimeiho^ 

15 

The thioisochroman from step 1 (Example 13) (100.0mg,0.40 mmmol) was dissolved in CH2CI2 (12ml) 
and MeOH (4ml) followed by the addition ofDDQ (109.0mgA48nimoU.2eq [I]) at R.T. The resulting 
mixture was stirred at room temperature overnight H2O was added and it was extracted with CH2CI2* 
The combined organic phases were washed with water, dried over MgSO^ filtered and concentrated in 
20 vacuum. The crude obtained was flash chromatography using toluene: ethylacetate (95:5) to give the 
trans titled compound (65.0mg,0.23mmol) in 58% yield (MP: 84*Q. 

*H NMR (250MHz,0>Cl 3 )o: 2.34 (s,3H,CH 3 CO), 2.91 (dd,lH, J=11.7347/78Hz3C^CHC-S), 
3.27 (dd r lH f J«4.10,17.77Hz3QIeGHC-S), 3.54 (s,3H,OCH 3 ), 3.78 (s,3H,OCH 3 ) t 3.82 
(s,3H,OCH 3 ), 4.16 (dd f lH t 4.13,11.79Hz,CH-S), 5.69 (UH.O-CH-S), 6.75 (dd\2H t J=8.96, 14.36 
25 Hz,ArH). IR (cm* 1 ): 2925: CH, 1705.7: C«0. Cis-3HK^to-i,5 t 8^riinethoxyu^ 
(32.4mg t 0.11mmol) was obtained in 30% yield (MP: 129 °Q. 

*H NMR (250MHz v CDCl 3 )5: 2.34 (s,3RCH 3 )! 3.25 (d,2H f J=6.58Hz > mO^CHCS), 3.46 
(sJH,OCH 3 ), 3.59 (dd,lH4«6.7543^5Hz,CH-S), 3.79 (2s,6H,OCH3), 5.73 (s,lH,0-CH-S), 6.76 
(dd%2H^=9.50 f 21.30Hz t ArH). 

30 

Step 3: Trans-3^s£eto-l^ethoxy-5,&^ 

The tmoisochroman derivative from step 2 (example 13) (178.2 mg, 0.63 mmole) was dissolved in 
acetonitrfle (10 ml) and H 2 0 (10 ml), followed by the addition of NaHCC^ (100.8 mg, 1.22 mmole). 
35 The mixture was cooled to 0°C followed by the slow addition of CAN (1.04g, 1.89 mmole). After 20 
minutes of stirring, H2O was added and the mixture was extracted with CH2CI2. The combined organic 
phases were washed with H 2 O t dried over MgSO^ filtered and concentrated in vacuum. The crude 
obtained was found to be pure titled compound by *NMR and was used in the following step (>95% 
yield). 
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*H NMR (250 MHz, CDCI 3 )8: 1.73 (s,3H,COCH 3 ), 2.62 (dd,lH, J-11.32. iWlHz.HqgaCH-S), 
2.87 (dd,lH,J=4.28, 20.20Hz, HCHeCH-S), 3.21 (s, 3H,OCH 3 ), 3.61 (dd v lH,Js4.31, 11.42Hz,CHS); 
5.97 (m,2H,HC=CH). 

5 Slep 4: Tnt&$+teto-l-metonty md os-*" 

ac^l«aielhoxy4,2^,44etr^ 

Trans-3-aceto- 1 -methoxy-5 r 8-dioxoisothiochroman (0.66 mmole) wis dissolved in dry toluene (14ml), 
followed by the addition of the diene (120.0 mg, 1.07 mmole). The resulting mixture was stirred at room 
10 temperature overnight Solvent was removed and the crude obtained was flash chromatographed using 
pure toluene to give the titled compounds in a ratio of about l:l f in 48% yield. 

A H NMR (250MHz, CDa 3 )S: 2.37, 2.39 (2s,6H,CH 3 , cis and/or trans), 2.75 
(dd,lHJ-6.42,19.81Hz^CHaCH-S, cis or trans), 2.90 (dd,lH, J«=1L79, 20.08 Hz,HCBa-CH-S, cis 
or trans), 3.27 (dd,lHJ«3.98, 20.0Hz,HCHeCH-S, cis or trans), 3.58 (s,3H,OCH 3 , cis or trans), 3.60 
15 (s,3H,OCH 3 , cis or trans), 3.64 (m^H,CH-S, cis or trans), 4.11 (dd t lH,J=3.92,11.80Hz,CH-S, cis or 
trans), 5.30 (a,lH,OCH-S, cis or trans), 5.49 (s,lH,OCH-S v cis or trans), 7.74 (m, 4H,ArH, cis and 
trans), 8.10 (rn.4H.ArH, cis and trans). IR (cm* 1 ): 2900:CH; 1 709.4 :C-=0; 1668.1, 1631.9:0=0 
qninonr 

20 Step 5: ca*4^atteto-l-fneti>axy-5,8H^ 

Oxidative d em et hyi abon, by using the procedure from step 3 (example 13), of ris-3-aceto-l,5,8- 
H4Twrfho» yt», wrmnmn gave the titled compound in 98% yield. 

Hj NMR (250 MHz. CDQ 3 )5: 2.04 (s,3H,CH 3 ), 2.23 (dd,lHJ-4.88, 19.49Hz, HCHaCH-S), 234 
25 (d\lHJ-S.6SHjuHCHeCH-S), 3.56 (dd, 1H, J-2.10, 19.23Hz,HCHa,e-S), 5.09 (s,lH,CH-S), 5.96 
(ddJHJ m 10.30. UL2QHz>AxH). 

Step 6: ei»J*a«eaa*I-«arth©xy-l,2 f 3 t 44etr^ 

accto-1 HDethoxy-l^f ^etrahy dro-(2^ anthracfn^5,10-dione 

Application of the proced ur e described for step 4 (example 13) to trans-3-aceto-l-methoxy-5,8- 
moxoisothiochroman gave pure titled compounds. 

*H NMR (250 MHz, CDCl 3 )8: 2.37 (s,3H,CH 3 ), 2.75 (dd,HU«=6.42, 19.81HzJ!CHaCH-S), 3.58 
(s,3H,OCH 3 ), 3.64 (ni,2H,CH-S3QIeCH-S), 5.49 <s,lH,0-CH-S), 7.74 (m,2H,ArH), 8.10 
(m*2H,ArH). IR (cm.}): 2900:CH; 1707.8:C=O; 1660.0, 1630.2, 1594.4: C=Oquinone. 

Step 7: tru^3Hreto-14iydroxy-l,2^,4-^ aiithracene-SJO-dione and ds-3- 

acefto-l^droxy4,23,4-tetirtyw^ anthraeene-5 9 10-dione 
The mixture of compounds obtained from step 6 (example 13) (30.8 mg, 0.102 mmole) was dissolved in 
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CH 3 COOH:H20 (2:0,4 ml) at 0°C. Hie resulting mixture was stirred at 0°C for about 2 hours. 
NaHC0 3 (5ft) was added and it was extracted with CH 2 Cl2. The combined organic phases were washed 
with H2O, dried over MgSC>4, filtered and concentrated in vacuum. The crude product obtained was 
flash diromatographed using hexanes:ethyl acetate (7:3) to give the titled compounds in 7% yield. 
5 According to NMR one isomer is major 

*H NMR (250 MHz, CDa 3 )8: 2.74 (s,3H,CH 3 ), 3.00 (dd,lH, J« 11.99, 20.74Hz,HCHaCH-S), 3.26 
(dd,lH,J=3.96, 20.61Hz,HCHeCH-S), 4.37 (dd, lH^=3.99,12.0Hz,CH-S), 6.67 (s,lH t O-CH-S), 
7.73 (m,2H,ArH), 8.08 (m,2H,ArH). 
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EXAMPLE 14 - Thiopynmytna|UiHin<prinonp 
Example 14 Preparation ofnaphto[23-C] thiopynm glycosides. 




QCH, O 



OCH, OCH.O OCH.O 



AcO AcO 



/ 



Step 2 




O O 

AcO AcO 



o o 



[OAc (OAc 



Step 3 





o o 



[OAc | OAc 

AcO AcO 

Stepl: 

5 (rS,DUS) and (1'S,1S3R) methyl (5,&Hii^le4baxy4-(2 , ^^4^6'^^tkoxy-3^4 , . 

diaatoxy-LJyxohexo-pyr^^ [2,3-c] thiopyran-3-yl) ketone 

A mixture of thioisochxoman from step 1 (example 13) (96.0 mg, 0.38 mmol), dicyano dichloro 
beozoquinone (DDQ) (104.0 mg v 0.46 mmol) aad 3,4^<>-«cetyI-2 f 6^deoxy-I^lyxohCTopyraiiose 
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raomer/fi-anomer^ 1:3; 106.4 mg, 0.46 mmol) in 5 ml of CH 2 ^2 ^ sttmd at room temperature under 
argon for 2.5 hours. After additions of 5 ml of NaHCO^ solution (596) and 10 ml of H 2 0, the products 
were extracted with CH2CI2 (25 m* x 4). The combined organic phase was washed with H2O (15 ml), 
dried over MgSO^ filtered and then concentrated. The residue was purified by flash chromatography 
5 (hexanes/C^C^/ethyl acetate, 2= 1 = 1) to provide a mixture of titled compounds (2=1, 116.9 mg, 
0.24 mmol) in 64 % yield along with recovered sugar (48 mg, 0.21 mmol). 

*H NMR (CDCI3), the major isomersfi: L20 (d,3H,J=6.2Hz), 1.70-2-30 (m,2H), 1.94 (s,3H), 2.20 
(s,3H), 2.29 (s,3H), 2.98 (dd,lH, J - 16.5Hz, 10.5Hz), 3.28 (dd,lH,J=16.5Hz*5.1Hz), 3.80 (s,6H), 
4.14 (dd,lH,J=10.5Hz,5.1Hz), 4.42 (q,lH,J=6.3Hz), J6.3Hz), 5.10-5.25 (m, 2H), 5.65 
10 (d,lH r J=3.2Hz), 6.27 (s,lH), 6.72 (d,lH,J«9.8Hz), 6.81 (d,lH,J«=9.5Hz); the minor isomer 1.19 
(s,3H), 1.70-2.30 (m.2H), 1.95 (s,3H), 2.19 (s,3H), 2.34 (s,3H), 2.96 (dd,!H,J«= 16.5Hz, 10.5Hz), 
3.30 (dd,iH4-16^Hz.5.1Hz), 3.81 (s,6H), 4.22 (dd,lH, J=10.5Hz^.lHz), 4.42 (q,lH,J«6.3Hz), 
5.10-5.25 (m*2H), 5.50 (d,lH, J=3.2Hz), 6.03 (s,lH), 6.70 (d,lH,J=9.8Hz, 6.79 (d,lH,J=9.8Hz). 

15 Step 2: 

(TS»UU3S> and P'SJW methyl (5,Mioxo-l-(r,3\ ^^-i^ndBaxy-y^ 
dia «g to xy4^yxrjhe»o^^ [2,3-c] thwpyran-3-yl) 



20 To a stirred aolnfioo of the mioisochroman glycosides from step 1 (example 14) (106.0 mg, 0.22 mmol) 
in 5 ml of CH3CN was added a solution of NaHCCVj (35.0 mg, 0.42 mmol) in 2 ml of water. After 
cooling 10 0*C a solution of CAN (362.0 mg, 0.66 mmol) in 2 ml of water was added dropwise. After 
being stirred at 0*C for 20 minutes, the mixture was extracted with CH2CI2 (25 ml x 2). The organic 
layer was washed with H2O, dried over MgS0 4 , filtered and then concentrated. The residue (94.3 mg, 

25 0.21 mmol) was found to be the title comrjounds (2:1) by ^ NMR. The yield was 95%. 

*H NMR (CDCI3X the major isomer: 8: 1.28 (d,3H,J=7.6Hz), 1.53-2.40 (m,2H), 1.99 (s,3H), 2.17 
(a,3H), 2J3 (OH), 2.74 (dd, 1H J = 18.8Hz, U.OHz), 3.14 (dd,lH J= 18.8Hz,4.8Hz), 4.00 
(dd,lHJ-ll.aHx.4.8Hz), 4.24 (q,lHJ*=7.6Hz), 4.95-5.20 (m,2H), 5.56Hz (d,lHJ=3.2Hz), 6.00 
(s,lH). 6.19 (dMHJ- U.OHz), 6.85 (d,lH,J-U.0Hz); the niinor isomer. 1.18 (d,3H,J=7.5Hz), 1.53- 

30 2.40 (nu2H), 1.99 (s^H), 2.17 (s,3H) t 2.37 (s,3H), 2.70 (dd,UU=19.0Hz,10^Hz) 3.15 
(dd,lHJ«19.0Hz,4.8Hz), 4.07 (dd,lH^=10^Hz,4.8Hz), 4.33 (q,lH,J=7.5Hz), 4.95-5.20 (m,2H), 
5.52 (d,lHJ=3.2Hz), 5.77 (s,lH), 6.70 (d,lH,J=11.0Hz), 6.78 (d,lHJ= U.OHz). 

Step 3: 

35 (rS,UUS) and (1'S,1S,3R) methyl (5,Wioxo-l-(2 , r 3', 4^6 , -tet^adeox>-3^4 , - 

diacetoxy-Uyxohexor^ranose^ [23<] thiopyran-3-yl) 

ketone 

The procedure for the preparation of the titled compound is as described previously in step 1 (example 1). 
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Thus, the reaction of the isochromandtones (94.3 mg, 0.21 mmol) y obtained from the previous step with 
lHKetoxy butadiene (0.10 ml, 94.5 mg, 0.84 mmol) gave the titled compounds 2:1 (74.2 mg, 0.1$ 
zmnol) in 70% yield after flash chromatography. 

*H NMR (CDC1 3 ), the major isomer had S: 1.32 (d,3H,J=6.5Hz). 1.70-2.40 (m>2H) t 1.94 (s,3H), 2. 17 
5 (s,3H), 2.36 (s,3H), 2.91 (d41H f J=20.0Hz,H.9Hz), 3.30 (dd,lH,J=19.9Hz,4.2Hz), 4.06 (dd,lH, 
J=12.0Hz,4.1Hz), 4.38 (m,lH), 5.05-5.22 (m,2H), 5.61 (d\lH, J=3.8Hz), 6.23 (s,lH), 7.70-7.80 
(nu2H), 8.05-8.15 (m,2H); the minor isomer had 5: 1.19 (d,3H t J=6^Hz) f 1.70-2.40 (m,2H), 1.95 
(s,3H), 2.17 (s.3H), 2.39 (s t 3H), 2.87 (dd,lH,J=20.0Hz,12.0Hz), 3.32 (dd,lHJ=20.0Hz,4.1Hz), 
4.15 (dd t lH f J=12.0Hx,4.1Hz), 4.38 (m, 1H), 5.05-5.22 (m,2H), 5.63 (d,iH,J=3.8Hz), 6.00 (s,lH), 
10 7.70-7.80 (m,2H), 8.05-8.15 (mJH), IR (neat): 3866, 2987-2939, 1745(s), 1715, 1667, 1645, 1597, 
1368, 1285, 1252, 1229, 1021, 988, 737 cm.!. 

EXAMPLE 15 - In Vitro Cytotoxicity - Mkroculture Tctrazolium Assay 

15 The nricroculture tetrazolium assay was used to test in vitro cytotoxicity. This assay is described in 
Plumb, J.A. et al., 1989 Cancer Research 49, 4435*4440, which is herein mcorporated by reference. 
The cytotoxicity of compounds towards tumor cells is measured in vitro using the assay. This assay' 
method is based upon the ability of live, but not dead cells to reduce the yellow water soluble dye 3-(4,5* 
dmiemylthiazDl-2-yl)-2»5-dip^ bromide (MTT) to its water insoluble purple fbrmazan 

20 product 

The following reagents were used for : 
tissue Culture, (Irvine Scientific Catalog) 

•MEM containing nucleosides (Catalog # 9144) 
Fetal Bovine Serum (Catalog # 3000) 
25 Nonessential ainino acids (Catalog # 9304) 

Pulbecco's phosphate buffered saline (Catalog # 9240) 
Sodium pyruvate (Catalog f 9334). 

All other tissue culture and general reagents were from Sigma Chemical Company. 
Hunan Tumor Cell lines, used were: 
30 SKOV3 (Ovarian adenocarcinoma) - provided by Dr. V. Lang, Ontario Cancer Institute. 

SKVLB (Ovarian; multidrug resistant) - Dr. V. ling, Ontario Cancer Institute. 

T47D (Ductal carcinoma of breast) - ATCC catalog f HTB-133. 

Lox (Melanoma) - Southern Research Institute. 

HT 29 (Colon adenocarcinoma) ATCC catalog # HTB-38. 
35 The cells were iwrr*^"" 1 in exponential growth in culture in minimal essential media (MEM) 
s uppl e m ented with non-essentiAl amino acids, and containing 15% (v/v) fetal bovine serum, 5mM L* 
glutamine, 1 mM sodium pyruvate, and 0.1 U/ml insulin. All cell lines were grown at 37°C in an 
atmosphere of 5% CO2 in air. 
Stock solutions, used were the following; 
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MTT: 



2 mg/ml in phosphate buffered saline (stable at 4°C in dark for 1 
week). 



Sorensen's buffer: 



0. 1M glycine/NaOH, pH 10.5, containing 0. 1M NaCl. 

20 mM in DMSO and diluted to a final concentration of 200 uM in culture 



Test compounds: 



5 



medium before use. 



The following is the generic description of the assay method. * It should be noted that although the 
conditions described work well with the cells listed above, the initial plating density and the MTT 
concentration used should be verified for each new cell line used to test compounds. 



For each, assay, doxorubicin is included as an inter-assay standard. This allows us to monitor the 
behaviour of the assay in general, and in particular, to check that the SKVLB line has tnainfantwH its 
resistant phenotype. 

15 The plate layout is done in the following manner: 

The assays are carried out in 96-well (8 well x 12 well) microliter plates. Serial dilutions of the 
compound are tested along the length of the plate. A 1:3 serial dilution of compound in culture medium 
covers a concentration range from 100 pM to 1.7nM. Each concentration of compound is tested in 
quadruplet, allowing two compounds to be tested per plate. Wells containing no cells (blank) and cells 

2 0 with no test compound (control) are inrhttfari on each plate. 

Cells are plated out in 100 pi of culture medium in the nncrotiter plates at a density of around 1,500 * 
4,000 cells per well. The plates are incubated overnight to allow the cells to become adherent after which 
the test compound is added (100 pi of appropriate dilution per well). The cells are incubated with test 
25 compound al 37°C for 48h after which the compound is replaced with fresh medium. After a further 48h 
incubation at 37*C, 50 pi of MTT solution (2mg/ml) is added to each well. The plates are incubated in 
the dark for 4h at 37°C after which the medium is removed. The MTT fonnazan product is extracted 
from the cells by the addition of 200 pi DMSO followed by 50 pi of Sorensen's buffer. The plates are 
shaken briefly and the absorfaance at 570 nm is read using a Molecular Devices UV max plate reader. 

3 0 Curves are fit to the MTT assay data using a four parameter logistic equation, and the data are normalized 

to fit a 0% to 100% survival scale. 



3 5 Tables 1 and 2 show the antitumor activity of some of synthetic tricyclic pyranylnar^tboquinones of mis 
invention. A range of potency is observed. In this set of compounds. Several tricyclic naphthoquinones 
are intensely potent and are effective in the multidrug resistant cell line SKVLB. In breast cancer, MCF- 



resistant cell line. These results suggest that tricyclic derivatives such as BCH-1184 and 1146 should be 

64 



10 



RESULTS 



7, BCH-1146 is less potent than adriamycin but nearly as effective in the sensitive and adriamycin 




WO 94/11382 PCT/CA93/00463 

useful in the treatment of certain resistant cancers. Most notably BCH-2051, a 'sugarless" tricyclic 
naphtfaciquinone f possesses intense in vitro antitumor potency while significantly avoiding multidrug 
resistance as observed from the SKVLB cell line. 
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BIOLOGICAL RESULTS 

5 TABLE 1 

IC50MM 



COMPOUND 




evuT.P 


T47D 


LQX 


HT29 


VLB/0V3 


Adf x&inyci.n 


W . WiA 


1 49 


0.07 


0.034 


0.090 


121.5 




^1 aa 




36.40 


52.80 


>100 






/J* JU 




59.40 


88.20 


63.20 




BCH114& 


A OO.I A 

U* 07 1U 


0.7/ 


5 87 


3.82 


0*9100 


7.82 


BCH1148 


>100 


>iUU 




^i nn 


>lon 




BCH1X69 


7.14 


CO 1 A 

D0* ID 


0£ CA 


Q A3 


O . 


8 A5 


BCH1177 


9*67 


lo.dO 






ok 1 n 


1 71 

X* / X 


BGH1180 


A DE1 A 

W.B5J.U 


.0. DO 


7 1*1 


3 33 


W * VBOU 


10.20 

■kw * * w 


tinni 101 




ft Aft 


Q 93 

7***3 


3 07 


O 5360 

W . 9a9 WW 


3.75 


0wUiO4 






O . 5 840 


O.OlBfi 

W . W A w w 


0.0023 


4.75 - 






Q.3000 

w . w www 




-0.2280 




22.34 








0.5300 




0.0161 






0.8590 


2.41 


0.6640 


0.9470 


2.49 


2.81 


BCB1189 


6.50 


26.60 


12.50 


14.30 


16.60 


4.09 


BCH1192 


28*60 




31.60 


29.90 


37.60 




BCH1607 


7*26 


19.80 


14.70 


8.97 


21.60 


.2.73 


BGH1608 


3.31 


15.10 


9.55 


5.22 


14.30 


4.56 






O 91&C 

W . AiDU 


O 1830 


0.0227 


0.0328 


51*31 


BCH1643 


1.74 


5.17 


3.49 


1.65 


6.71 


2.97 


BCH1644 


0.5050 


1.52 


1.27 


0.6410 


2.65 


3.01 


BCB1648 


0.0519 


0.3150 


0.3600 


0.1380 


0*3090 


6.07 


BCH1649 


0.1100 


0.4590 


0.3800 


0.2170 


0.3310 


4.17 


BCH1654 


0.7100 


3.73 


1.59 


1.19 


3.58 


5.25 


BCH1658 


0.2330 


1.47 


0.4940 


0.3160 


0.6610 


6.31 


BCE1665 


25.40 


28.90 




11.50 


60.40 


1*14 


BCH1666 


0.2720 


0.2050 




0.1250 


0.0783 


0.75 


BCH1667 


0.0122 


0.0893 




0.0133 


0.0016 


7.32 


BCH1688 


0.6340 


2.77 




0.4020 


1.35 


4.37 


BCH1689 


2.78 


16.50 




1.72 


3.66 


5.94 


BCH1690 


1.78 


13.70 




1.62 


3.01 


7.70 
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BCH1691 


8.83 


18.50 




4.49 


7.16 


2.10 


BCH1693 














BCH1697 


3.70 


13.20 


18.00 


5.32 


11.00 


3.57 


BCH1998 


0.1250 


1.66 


0.1140 


0.0631 


0.0363 


13.28 


BCH2000 


0.0950 


6.64 


0.3380 


0.0905 


0.0378 


69.89 


BCH2014 


21.50 


39.80 


61.80 


35.90 


61.30 


1.85 


BCB20X5 


0.3670 


1.17 


0.9090 


1.09 


0.5570 


3.19 


BCH2017 


0.2500 


8.94 


0.4970 


0.2500 


0.4300 


35.76 


BCH2018 


3.11 


17.70 


8.56 


2.38 


14.20 


5.69 


BCH2019 


0.0633 


0.3280 


0.0486 


0.0627 


0.0230 


4.95 


BCS202D 


11.20 


25.90 


9.42 


5.45 


19.10 


2.31 


BCH2021 


12.40 


46.40 


19.00 


10.60 


37.80 


3.74 


BCH2022 


0.4420 


1.87 


0.9340 


0.4840 


0.5320 


4.23 


BGH2023 


0.73 


3.2 


5.5 


0.67 


0.98 


4.39 


BCH2024 


0.924 


5.23 


3.7 


0.85 


0.404 


5.66. 


BCB2026 


15 


>100 


31.40 


2.12 


22 


>7 


BCH2027 


7.01 


29 


23.30 


3.04 


15.40 


4.02 


BCH2031 


6.0 


18 


16 


2.8 


8.5 


3 


BCB2032 


6.01 * 


17.60 - 


15.80 - 


2.83 - 


8.49 - 


2 - 




12 


28 


23 


5.1 


9.3 


2.93 


BCB2035 


0.2B 


6.23 


1.5 


0.75 


2.31 


22.33 


BCH2037 


0.59 - 


3.8 - 


2.2 - 


0.54 - 


1.1 - 


0.93 - 




5.09 


4.73 


2.29 


0.616 


4.25 


6.41 


BCR2O30 


0.832 


3.5 


2.0 


0.173 


2.0 


4.16 


BCB2041 


2.14 


10 


5.62 


1.9 


1.9 


5 


BCH2042 


3.8 


13.20 


8.0 


2.22 


1.2 


3.51 


BCB2043 


3.1 


9.23 


11 


2.92 


4.7 


3 


BGH2044 


1.44 


5.11 


4.25 


0.38 


0.194 


3.55 


BCH2045 


5.3 


15 


13 


4.6 


1.11 


3 


BCB2046 


0.0075 


0.22 


0.0675 


0.015 


0.0071 


31 


BCH2047 


0.017 


0.523 


0.151 


0.021 


0.0041 


31 


BCH2051 


0.0073 


0.0675 - 


0.0419 


0.0167 


0.091 


9.3 - 




-0.029 


0.403 




- 0.03 




14.14 








0.0685 




0.134 




HCH2Q52 








3 OA — 


ID £0 


3 7fl — 




7.01 


28.20 


23.30 


3.22 




4.02 












15.40 




BCH2053 


4.73 


21.20 


12.30 


3.25 


14 


4.48 


BCH2054 


6.33 


11.30 


4.95 


3.23 


4.30 


1.79 
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BCH2060 


1.14 


2.5 


BCH2061 


0*0083 


U. 141 




n qi nn 


ft RA2D 




1 . 


A 1 


BCH2067 


1.2 


2.24 


DUUUDO 




1.2 


BCH2069 


0.0494 


0.083 - 






ft Afi3 


BCH2070 


0 . 0084 


ft 19 
U. 12 




ft 1 13 




BCH2Q72 


U.UD41 








ft OOI 




0 . 1130 




BCH2075 


16 


31 


BCH2076 


1.43 


m 0% J|A 

12 .40 


BCH2077 


1.94 


21 


BCS2078 


0*4140 


*1 A it 

2*24 


BCH2079 


0.0163 


0.124 


BCH2081 


1*3 


19 


mil ■ n r\ n n 

BCH2082 


1.8 




BCH2087 


A A£ A 

0.069 


0.472 


nmv^ no a. 

BGH2090 




JD 


BCH2091 


13.40 


^9 

32 


#* «W**fc A A A 

BCH2092 


1.1 


^ ft 


a Ac 

BCH2095 


A ^ A 

0.19 


l.o 


BCH2096 


u.702 


3. 11 


BGH2U9B 


o ft 


**ft 


BGH2U99 


ft coo — 
















MUnziui 






BCB2102 


0.13 


0.723 


BCH2104 


0.21 


1.1 


BCH2105 


0.003 


0.37 


BCH2109 


0.79 


3.2 


BGH2112 


0.104 


1.7 
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ft C£9 


1 95 


0.26 


2.19 


0.27 


0.045 


0.054 


18 


0.7760 


0.3540 


1.14 


1.04 


2.2 


1*4 


3.42 


4 


0.54 


1.1 


0.323 


2 


0.422 


1.3 


0.13 


1 


1.11 


0.-0903 


0.35 


2 - 








9.78 


0.018 


0.015 


0.006 


14.34 - 








15 






0.534 




0.201 


0.21 


0.05 


3.22 


0.0236 


0.102 


0.0539 


2.79 - 


-0.35 




•0.101 


15.46 




8.8 


'31 


2 


a S3 




2.6 


9 


7.7 


1.91 


3.4 


11 


ft 507ft 




0.2690 


5.41 


O 032 


0.066 


0.005 


8 


7.4 


2.7 


3.8 


15 


4.0 


1.6 


2.6 


3 


0.18 


0.064 


0.028 


7 






10.40 


3.29 


16 


3.3 


11.30 


.3 


0*98 


0.30 


2.42 


3 


0.37 


.0.14 


0.0996 


8.16 


1.7 


0.84 


1.7 


4.43 


10 


4.2 


17 


4 


0.728 - 


0.128 - 


0.303 


0.77 - 


3.4 


1.1 


- 1.7 


2 


4.0 


3.0 


5.12 


3.04 




ft Iflfi 
V . 2.00 


O 15 




0.613 


0.24 


0.171 


5.05 


0.019 


0.025 


0.0069 


123 


1.04 


1.1 


0.12 


4.02 


0.27 


0.21 


0.065 


15.96 
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BCH2113 


0.171 


0.72 


0.27 


0.19 


0.059 


4.20 


BCH2X14 


0.4720 


2.04 


0.6550 


0.3730 


0.2570 


4.32 


BCH2115 


2.3 


>100 


5.3 


4.0 


5.6 


>S0 


BCH2117 


0.0095 


0.332 


0.0374 


0.073 


0.03 


35.13 


BCH2118 


0.12 


0.79 


0.244 




0.203 


6.68 


BCH2119 


>100 


>100 


>100 




>100 




BCH2121 


0.21 


1.3 




0.34 


.34 




BCH2122 


0.37 


2.0 




0.73 


0.64 




BCH2123 














BCH2124 














BCH2126 


0.6770 


1.68 


0.7060 


0.3730 


3.95 


2.48 


BCB2127 


0.35 


4.1 




2.0 


2.7 




BCH2128 


1.7 


5.8 




1.4 


1.6 




BCH2129 


0.3590 


1.06 


0.4S20 


0.2280 


2.07 


2.95 


BGB2131 


35.80 


34.60 


12.80 


12.50 


43.40 


0.97 


BCH2132 


99.80 


70.60 


34.70 


28.40 


>100 


0.71 


BCH2135 


0.66 


1.3 


1.1 


0.31 




0.88 


BCH2138 


>100 


>100 


90 


>100 




>100 


BCH2140 


2.2 


13 


1.5 


0.45 




3.2 


BCH2141 


6.12 


9.96 


3.79 


1.82 


6.44 


1.23 


BCH2142 


92 


46 


45 


18 




>100 


BCH2143 














BCH2144 


21.40 


16.10 


7.22 


3.28 


5.93 


0.75 


BCH2145 


8.19 


13.40 


1.78 


0.8300 


2.48 


1.64 


BCH2147 


12.50 


10.10 


3.92 


1.88 


10.00 


. .081 


BCB2148 


12.60 


9.93 


2.36 


1.55 


7.50 


0.79 


BCB2149 


32.70 


29.80 


11.40 


10.00 


28.20 


0.91 


BCH2150 














BCH2151 














BCH2152 














BCH2153 














BCH2154 














BCH2155 














BCH2157 














BCB2158 














BCH2159 














BCH2160 














BGH2161 














BCB2162 
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BCB2163 
BCH2164 



TAHLB 2 

5 IC 50 



COMPOUND MCF-7 MCF-7 /ADR MAT-B tt*T-B/M>* 

10 Adriaaycin 0.005 6.5 0.0046 2.50 

1X46 0.044 0.19 0.46 0.56 

1177 >10. 0 0.66 >10.0 >10.0 
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Example 16: 



Preparation of naphtbopyran derivatives 



OKfc 



OMc 



Obfc 



OMbOMd 



o o 

O OMc 




O OMc 



O OMc 



O OMc 



O O 

il'^V A H I 

O GKfc 




o o 




h i .Ha. 140 



O OKfc 



5 Stepl: 



Methyl (l,S,&^rimiifaaxyisocfaromaD-3*yl) formate 



Methyl (5 f S-dimethoiy^sochroman-3-yl) formate (15.00 g, 59.46 mmol) and DDQ (16.20 g, 71.35 
mmol) were dissolved in dry diclrioromethane (500 ml), and dry methanol (7.2 ml, 178.37 mmol) was 
added. The solution was stirred at ambient temperature overnight, then refluxed for 8 hours. Methanol 

10 (1.0 ml, 24.69 mmol) and DDQ (2.00 g, 8.81 mmol) was added and further refluxed for 8 hours. The 
reaction mixture was cooled down, filtered, and the filtrate was poured onto a saturated solution of 
sodium bicarbonate (200 ml). The organic phase was separated, washed with saturated sodium 
bicarbonate solution (100 ml), dried (MgSO^ and evaporated under reduced pressure. The residue was 
recrystailized from methanol to give the title product (white crystals, 14.34 g, 85.1 %). 

15 *H-NMR (250 MHz, Brucker, CDCI3), d: 2.70 (1H, dd, J= 11.8 and 17.1 Hz, 4-H^), 3.08 (1H, dd, 
J-4.2 and 17.1 Hz, 4-H^), 3.57 (3H, s, 1-MeO), 3.77 (3H, 8, Ar-OMe). 3.80 (3H, s, Ar -OMe) . 3.83 
(3H, s, COOMe), 4.79 (1H, dd* J =4.2 and 11.8 Hz, 3-H„) f 5.70 (1H, s, 1-H), 6.68 (1H, d, J=8 Hz, 
Ar-H), 6.74 (2H, d, J = 8 Hz, Ar-H). 



20 Step 2: 



Methyl (l-Methoxy-5,8Hhoxo-5,8^ydn>4^ formate 



The solution of CAN (83.24 g, 151.84 mmol) and sodium bicarbonate (8.50 g, 101.22 mmol) in water 
(500 ml) was added to the solution of methyl (14*8-trimemoxy-4sochroman-3»yl) formate (14.34 g, 
50.61 mmol) in acetonitrile (700 ml) at 0 - 5 C° over 20 The reaction mixture was stirred at 0 

25 C° for 20 minutes, then extracted with dtchloromethane (4x200 ml). The combined organic phases were 
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washed with brine (200 ml), dried (MgS0 4 ) and evaporated under reduced pressure to give a light yellow 
solid (12*76 g, quantitative yield) which was used for the next step without further purification. 
iH-NMR (250 MHz, Brocket, CDC1 3 ), d: 2^2 (1H, dd, J= 1 1.4 and 19.4 Hz, 4-H^), 2.83 (1H, dd, 
J=4.2 and 19.4, 4-Heq), 3.56 (1H, s, 1-MeO), 3.82 (1H, s, COOMe), 4.66 (1H, dd, J=4.2 and 11.4 
5 Hz, 3-H,,), 5.48 (1H, s, 1-H), 6.62 (1H, d, CHCO), 6.78 (1H, d, CHCO). 
Step 3: Methyl (l-roethoxy-5,10Hlio^ 

formate 

Methyl (l-metboxy-5 t 8^oxo-5,8Hlmydro-^ formate (12.70 g, 50.35 mmol), 1- 

10 acetoxybutadiene (30.00 g t 267.55 mmol) sod dry toluene (100 ml) was stirred overnight at 50 C°. The 
solvent was removed under reduced pressure, the residue was recrystallized from methanol to give yellow 
crystals (1 1.05 g). The product was dissolved in toluene (200 ml), silica gel (20 g) was added and stirred 
over 24 hours in an open flask at ambient temperature. The silica was filtered, the filtrate was 
concentrated to dryness. The residue was recrystallized in methanol. The mother liquor was concentrated 
15 to dryness and the silica gel treatment was repeated as above. After recrystallization the mother liquor 
was concentrated to dryness and the residue was purified by flash chromatography on silica. Eluent: 
toluene/ethyl acetate (4/1). All the crystals and the clean fraction from flash chromatography were 
combined to give 9.07 g, (59.6 %) title product 

*H-NMR (250 MHz, Brucker, CDa 3 ), d: 2.68 (1H, dd, J= 1 1.1 and 19.9 Hz, 4-Hg,), 3.07 (1H, dd, 
20 J=4.4 and 19.9 Hz, 4-Heq), 3.62 (1H, s, 1-MeO), 3.83 (1H, s, COOMe), 4.72 (1H, dd, J=4.4 and 
11.1 Hz, 3-H,,), 5.70 (1H, s, 1-H), 7.75 (2H, m, Ar-H), 8.08 (2H, m Ar-H). 

Step 4: Methyl (l-methoxy-540HhcacH5,10-d^^ formate 

25 Methyl (l-methoxy-5,10^oxo-3,4£J04et^ formate (6.12 g, 20.25 

mmol) was dissolved in dichlofomethane (120 ml), trieuylamine (5.64 ml, 40.49 mmol) was added and 
stirred at ambient temperature over 1 hour. The reaction mixture was poured onto water (100 ml) and 
ethyl acetate<400 ml), then neutralized with acetic acid. The organic layer was sepa ra ted , the water layer 
was extracted with ethyl acetate (3x30 ml). The combined organic layers were dried (MgS0 4 ) and 

30 concentrated to dryness. To the residue dichloromeume (60 ml) and saturated sodium bicarbonate solution 
(20 ml) was added, then stirred for 5 minutes. After separation the organic layer was dried (MgSOij) and 
concentrated to 10 ml. This solution was filtered through a short silica gel column. Eluent: 
dichlofomethane and 5% ethyl acetate in dtchloro-methane. The clean fractions were combined and 
concentrated to dryness to give the title product (5.49g, 90.3 96). 

35 *H-NMR (250 MHz, Brucker, CDC1 3 ), d: 3.63 (3H, s, 1-MeO), 3.92 (3H, s, COOMe), 6.38 (1H, s, 1- 
H), 7.33 (1-H, s, 4-H), 7.75 (2H, m, Ar-H), 8.13 (2H, m, Ar-H). 

Step 5: Methyl (l-meiboxy-54(Mioxo-5,lQH^ 
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Methyl (l-inethoxy-5,5^oxo-5,&^ydro-isoc^^ formate (12.70 g, 50.35 mmol), 1- 

acetoxybutadiehe (30.00 g, 267.55 mmol) and dry toluene (100 ml) was stirred overnight at 50 C°. The 
solvent was removed under reduced pressure* the residue was recrystalliyfri from methanol to give yellow 
crystals (1 1.05 g). Hie product was dissolved in dichloromethane (200 ml), trieuylamine (10.2 ml, 
5 73.11 mmol) was added and stirred at ambient temperature over 1 hour. The reaction mixture was poured 
onto water (200 ml) and ethyl aceUte(800 ml), then nnutralirrri with acetic acid. The organic layer was 
separated, the water layer was extracted with ethyl acetate (3x30 ml). The combined organic layers were 
dried (MgSO^ and concentrated to dryness. To the residue dlchlorometane(120 ml) and warnrafnd sodium 
bicarbonate solution (40 ml) was added, stirred for 5 minutes. After separation the organic layer was . 
10 dried (MgSk)4) and concentrated to 

ta-NMR (250 MHz, Brucker, CDCI3), d: 3.63 (3H, s, 1-MeO), 3.92 (3H, S, COOMe), 6.38 (1H, s» 1- 
H), 7.33 (1-H, s, 4-H), 7.75 (2H, m, Ar-H), 8.13 (2H t m, Ar-H), 

Step <: l-Metbory-54 a ~d^^ add 

15 

Methyl (l-ine4hoxy-5,10Hiioxo-5,10^ formate (6.31 g, 21.01 

mmol) was suspended in tetrahydroforan (126 ml) and sodium hydroxide (0.92 g, 23.12 mmol) dissolved 
in water (63 ml) was added dropwise at 0 C° over 30 *n'tm**c The reaction mixture was stirred at 0 C° 
over 1 hour, then it was acidified to pH «= 3 with 5% hydrochloric acid. Sodium chloride (2 g) was 

20 added. The water layer was separated and extracted with ethyl acetate (3x40 ml). The water layer was 
acidified to pH « 2. The crystals formed were filtered and washed with water. The filtrate was extracted 
with ethyl acetate (4x40 ml). All the organic fractions - including the previous extractions as well - were 
combined, dried (MgSO>4) and concentrated to dryness. The residue was combined with the crystals 
filtered out of the water phase before, and stirred with methanol (50 ml). for 15 minutes. The yellow 

25 crystals were filtered, washed w 

*H-NMR (250 MHz, Brucker, DMSOd*), cL 330 (3H, s, 1-MeO), 6.37 (1H, s, 1-H), 7.02 (1H, 8, 4- 
H), 7.90 (2H, m, Ar-H), 8.05 (2H, m, Ar-H). 

Step 7: l-Methcxy-5,10-<fcoxo-5,lA^^ 
30 dtmethylamiiw-pro^ 

l-Methoxy-5,10^oxo-5,10HlftydiD-^^ acid (4.6 g, 16.13 mmol) was 

ma pKH in tetiah ydro r u r an (46 ml) and DMF (0.1 ml) was added. The suspension was cooled to 0 C° 
and oxalyl chloride (3.24 ml, 37.09 mmol) was added dropwise over 10 minutes. The reaction mixture 
35 was stirred at 0 C° over 30 minutes, men evaporated to dryness at reduced pressure. The residue was 
dissolved in tetiahydrofuran (50 ml), cooled to 0 C° and N 9 N-dimemylammopropylamine (2.23 ml, 
17.74 mmol) was added dropwise over 10 minutes. The solution was stirred at 0 C° over 15 minutes, 
men it was poured onto a re-tr"*** 1 solution of potassium carbonate (20 ml)- The organic layer was 
separated, the water layer was extracted with dichloromethane (3x10 ml). The combined organic phases 
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were dried (MgS0 4 ) and concentrated to dryness. The residue was dissolved in methanol (50 ml) and 
stirred with charcoal at ambient temperature over 30 minutes. After filtration the filtrate was concentrated 
to dryness. The residue was dissolved in a inmimal amount of methanol and ether (15 ml) was added. The 
crystals were filtered* washed with ether to give the title product (4*15 g, 69.6 ft). 
5 1H-NMR (250 MHz, Brucker, CDCI3), d: 1.74 (2H f quint., CH^ "9 (6H, s, NMe^, 2.47 (2H, m, 
CH2), 3.35 - 3.65 (2H, m, CH^* 3.63 (3H, s, 1-MeO), 6.37 (1H, s, 1-H), 7.33 (1H, s, 4-H), 7.75 (2H. 
m, Ar-H), 8. 15 (2H, m, Ar-H), 8.70 (1H, broad, NH). 

Step 8: l-Methoxy-54(Wkwo-540^ydro-m 
10 d2££tkyl&mi!H>-p?^ hydrochloride mooobydrate BCH-2051 

14tfethoxy-5J0<fcoxc-5,l(>*imyd^ 

prcpyl)carboxamide] (4.15 g, 11.23 mmol) was dissolved in anhydrous mchloromethane (10 ml) and 1 M 
hydrochloric acid solution in ether (11.3 ml, 1 1.23 mmol) was added dropwise at 0 C°. At the end more 
1 5 ether (20 ml) was added and the suspension was stirred at 0 C° over 30 minutes. The crystals were 

filtered under argon atmosphere, washed with dry ether and hexane to give the title product (4.32 g, 90.5 
*). 

*H-NMR (250 MHz, Brucker, DMSO-dg), d: 1.90 (2H, m, 2 , -CH 2 ). 2.72 (6H, s, NMe^), 3.00 (2H, 
m, 3'-CH2>' 3.30 (2H, m, I'-CH^* 3 60 **MeO), 6.35 (1H, s, 1-H), 7.00 (1H, s, 4-H), 7.90 (2H, 
20 m, Ar-H), 8.05 (2H, m, Ar-H), 8.92 (1H, t, CONH), 10.53 (1H, broad, NH+). 

13 C-NMR (250 MHz, Brucker, DMS04*), d: 23.8, 36.1, 41.8, 54.0 t 56.2, 94.9, 98.1, 124.5, 125.6, 

126.1, 130.9, 131.5, 134.1, 134.5, 149.9, 159.6, 181.2, 181.4. 

Example 17: Dipeptide substituted naphthoquinone derivative 
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+U &nm*t +1J Mtfimrt 

BOM017 



Stepl: N-BOC-Scnne-Lcuciiie-OMe 

5 

To a solution of Leucine-Me ester.HCl (0.91 eq, 0.40 g) and triethyuunine (1.2 eq» 0.3 ml) in dry 
chloroform (24 ml), under argon, at room temperature, was added N-Boc-Serine (0.50 g, 2.43 mmols) 
and then EEDQ (1.3 eq, 0.71 g). The solution was stirred for 18 noun after which the solvent was 
evaporated. The residue was taken up in EtOAc and washed with 5% HQ (2x), sat aq. NaHCC>3 and 
10 brine. The organic phase was dried over Na2S(>4, the solids filtered and the soWant evaporated to give 
0.71 g (87%) of N-Boc-Ser-Leu-OMe as a clear oil that was used without further purification. 
*H NMR (CDCI3): 6 7.30 (bs, 1H, NH), 5.72 (bs, 1H, NH), 4.51 (m, 1H), 4.19 (m, 1H), 3.90 (m, 
1H), 3.68 (s, 3H), 3.62 (m, 2H) f 1.55 (m, 3H), 1.34 (s, 9H), 0.79 (m, 6H). 

15 Step 2: (IWS^R^'S) and (IR^'S^S^'S^HO-N^ esterJ-3- 

aceto-5,&Hihiietbx>xy-iso^ 
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To a solution of 5 , 8niiiiiethoxy'3-aceto4socfarotnan (0.46g, 1.93 mmole), the peptide from step 1 
(example 17) (0.71 g, 1.1 eq) and activated 4A molecular sieves (500 mg) in dry CH 2 Cl2 < 19 ml > ^ 
added DDQ (0.57 g, 1.3 eq). The solution was stirred for 18 hours after which it was filtered through 
5 ceiite. It was then poured in sat aq. N&HC03 and the phases were separated. The aqueous phase was 
extracted with CH2CI2 f 2 *) ™° c 00 ^ 00 ^ organic extracts were dried over MgSC^. The solids were 
filtered and me solvent was evaporated to give the titled mixture of diastereomers that were separated by 
chromatography (silica gel, 1:1 hexanea/EtOAc). 

The first running fraction: 0.395 g (3696). 'H NMR (CDCI3): 6 7.00 (bs, 1H, NH), 6.74 (d, 1H, J = 
10 9.0, ArH), 6.68 (d, IK, J - 9.0, ArH), 5.81 (a, 1H, H-l), 5.64 (bs, 1H. NH), 4.52 (m, 2H), 4.29 (m, 
1H), 4.05 (m, 1H), 3.88 (dd, 1H, J - 7.4, 10.6), 3.81 (s, 3H, ArOMe), 3.73 (s, 3H, ArOMe), 3.57 (s, 
3H, O^Me), 3.00 (dd, 1H. J ~ 4.1, 17.6, H-4), 2.47 (dd, 1H, J « 12.3, 17.6, H-4), 2.29 (s, 3H, 
COMe), 1.57-1.46 (m, 3H, CH 2 -CH(Me)2), IM (s, 9H, t-Bu), 0,84 (d, 3H, J = 3.3, isopropyl), 0.82 
(d, 3H, J « 3.3, isopropyl). 
15 The second running taction: 0.420 g (38 *), *H NMR (CDCI3): 6 6.79 (m, 3H, 2ArH+NH), 6. 10 (bs, 
1H, NH), 5.74 (s. 1H, H-l), (4.62-4.33 (m, 3H), 3.91 (m, 2H), 3.77 (s, 6H, 2 ArOMe), 3.68 (s, 3H, 
O^Me), 3.01 (dd, 1H. J « 4.0, 17.6, »4), 2.50 (dd, 1H, J = 12.3, 17.6, H-4), 2.33 (s, 3H, COMe), 
1.50 (s, 9H, t-Bu), 1.48-1.25 (m, 3H, CH 2 -CH(Me)2). 0.70 (d, 3H, J = 5.7, isopropyl), 0.61 (d, 3H, J 
= 5.7, isopropyl). 

20 

Step 3: (IS^S^S^S^MeihyMl-O^ 

3,4^,10^eti^yd^l-H-naphtbo [2,3-c] pyran-3-yl) ketone 

To a solution of the peptido-iscchroman from step 2 (example 17) (0.40 g, 0.68 mmols) in CH3CN (9.7 
25 ml), at 0°C, was added slowly a solution of CAN (1.5 g, 4 eq) and NaHCOs (0.4 g, 7 eq) in water (7 8 
ml). Toe solution was stirred at 0°C for 30 nunutes after which it was poured in sat aq. N1HCO3. The 
aqueous layer was then extracted with CH2 a 2 C 3 *) combined organic extracts were dried over 

MgS0 4 . The solids were filtered and the solvent evaporated. The crude quinone was then dissolved in 
dry toluene (7 ml) and scetoxybutadiene was added (0.4 ml, 5 eq). The solution was stirred for 18 hours. 
30 Silica gel was then added (1 g) and air was bubbled through the solution for 30 nunutes. The silica gel 
was filtered through Celite and the solvent was evaporated. The brown oil obtained was purified by flash 
chromatography (silica gel, 1:1 hexanes/EtOAc) to give 115 mg (29%) of the titled tricyclic cc^npound. 
*H NMR (CDCI3): S 8.12-8.02 (m, 2H, ArH), 7.76-7.73 (m, 2H, ArH), 4.91 (bs, 1H, NH), 5.92 (s, 
1H, H-l), 5.52 (bs, 1H, NH), 4.62-4.47 (m, 3H, H-2' + H-5' + H-3), 4.17 (dd, JH, J - 4.4, 10.9, H- 
35 1'), 3.83 (dd, 1H, J - 8.6, 10.9, H-l 1 ), 3.56 (s, 3H, CX^Me), 3.02 (dd, 1H, J « 4.0, 19.9, H-4), 2.51 
(dd, 1H, J - 11.6, 19.9, H-4), 2.33 (s, 3H, COMe), 1.74-1.52 (m, 3H, CH2-CH(Me)2), 1.44 (s, 9H, t- 
Bu), 0.90 (d, 6H, J = 6.3, isopropyl). 



SUBSTITUTE SHEET 



WO 94/11382 



PCI7CA93/00463 



Step 4: (lS^'S^S^'SHtletoyMl^Seri^^ esterlMO-dioxo-3,4,5, 10- 

tetrahydnHl-H-uaphtho [23<] pyran-3-yl) ketone hydrochloride BCH-2000 

A solution of the Boc protected tricyclic from step 3 (example 17) (54 mg, 0.092 mmol) in 96% formic 
5 acid (1 ml) was stirred at room temperature for 2 hours. Hie formic acid was evaporated and the residue 
dissolved in 0. 1 MHCL The aqueous phase was washed with CH2O2 (2x) and the water was 
evaporated. The titled compound was obtained as a yellow oil was dried under high vacuum for 18 hours 
after which it had crystallized: 40mg(83%). 

*H NMR (DMSCVd^: 5 8.98 (bs, 1H, NH amide), 8.42 (bs, 3H, NH 3 CI), 8.06-7.98 (m, 2H, ArH), 
10 7.93-7.87 (m, 2H, ArH), 5.82 (s, 1H, H-l) f 4.61 (dd, 1H. J « 3.9, 11.4), 4.34-4.23 (m, 2H), 4.13 (m, 
1H), 4.02 (dd, 1H, J - 5.7, 9.8), 3.61 (s, 3H, CC^Me), 2.88 (dd, 1H, J - 3.9, 19.6, H-4), 2.47 (m, 
1H, H-4 hidden under the DMSO peak), 2.30 (s, 3H, COMe), 1.62-1.49 (m, 3H, CHyCH^e)^, 0.88- 
0.82 (m, 6H, iaopropyl). 

15 Example 18: Amino acid substituted naphthoquinone derivatives 

NH,CI 



ot* o 





BOt-1634 

Step 1: N-BOC-serine methyl ester 

20 To a solution of serine methyl ester hydrochloride (0.12 g, 0.78 mmol) in 1 .6 ml of dry MeOH, at room 
te mp er atu re, under argon, were added successively trieuylamine (10 % solution, 0. 16 ml) and (BOC^O 
(0.19 g, 1.1 eq.) and the solution was stirred for 60 minutes. It was then poured in cold 2% HQ and the 
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aqueous layer was extracted with CH2CI2 (3x). The combined organic extracts were dried over MgS0 4 , 
the solids were filtered and the solvents evaporated to give 0.17 g (100%) of the titled compound as a 
clear oil. 

*H NMR (CDa 3 ): S 5.56 (bs, 1H, NH), 4.34 (m, 1H, QHX^Me), 3.88 (m, 2H, £H 2 -OH), 3.75 (s, 
5 3H, (X^Me), 2.96 (bs, 1H, OH), 1.44 (s, 9H, BOQ. 

Step 2: (IS, 2'S 9 3R) and (1R» 2'S, 3S)-HO-serine methyl este^^3<K^5,8-dimethoxy 

isochroouui. 

The titled compoonds were obtained as per procedure described in step 2* example 17* They were 
purified via flash chromatography (silica gel, 2:1 hexanes/EtOAc). The mixture of isomers is not 
separable by chromatography. 

J H NMR (CDCI3): 5 6.73 (m, 2H. ArH), 6.07 +5.78 (2d, 1H, NH), 5.72+5.70 (2s, 1H, H-l), 4.56- 
4.35 (m, 3H, H-l' and H-2*), 3.98 (m, 1H, H-3), 3.90+3.81+3.78+3.77+3.76+3.67 (6s, 18H 
[6x3H], Ar-OMe and CX^Me), 3.04 (2dd\ 1H, H-4), 2.50 (2dd, 1H, H-4), 2.32 (d, 3H, COCH3), 
l;47+1.43(2s,9H f BOQ. 

Step 3: US, 2'S, 3R) and (1R, 2'S. 3S)*»ethyHHO^-BOC-aeriiie methyl cster]-5 9 10- 

too-3,4£,l<Metrafaya>o4-^ [2,3-C] pyran-3-yl) ketone. 

The same procedure as described in step 3, example 17, was used for the titled compound, which was 
purified via flash chromatography (silica gel, 2:1 hexanes/EtOAc). 
The mixture of isomers is not separable by chromatography. 

*H NMR (CDCI3): 8 8.05 (m, 2H, ArH), 7.73 (m, 2H, ArH), 5.90+5.52 (2d, 1H, NH), 5.73+5.72 
(2s, 1H, H-l), 4.60-4.05 (m, 4H, H-3, H-l* and H-2'), 3.81+3.70 (2s, 3H, CO2CH3), 3.01 (2m, 1H, 
H-4), 2.48 (m, 1H, H-4), 2.35 (2s, 3H, COCH3), 1.47+1.43 (2s, 9H, BOQ. 

Step 4: (IS, 2'S, 3R) and (1R, 2'S, 3S)naiethyHHO-«eriiie methyl ester]-5,10-dioxo- 

3,44,ltUetnihydrwaphtakTio [2^-C] pyran-3-yl) ketone hydrochloride. 

30 

The titled compounds were irtHainf* 1 as per procedure described in step 4, example 17. 
l U NMR (DMSO): 8 8.05-7.82 (m, 4H, ArH), 5.83+5.78 (2s, 1H, H-l), 4.69-4.40 (m, 2H, H-l'), 
4.27 (m, 1H, H-3), 4.16 (m, 1H, H-2'), 3.79+3.73 (2s, 3H, O^Me), 2.91+2.87 (2m, 1H, H-4), 2.50 
(m, 1H, H-4), 2.31 +2.29 (2s, 3H, COCH3). 

35 

Example 19: Amino alcohol substituted naphthoquinone derivative 
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OMc O 
Qfcfe 



J- 



OH 



Ofcfc o 



OH * 




NBOC 





NBOC 



BOM067 



Stepl: 



N-BOC-ProiinoJ 



5 The titled compound was obtained as p er procedure described in step 1, example 18. 

*H NMR (CDCI3): 6 4.19 (bs, 1H, OH), 3.95 (m, 1H, H-2), 3.59 (m, 2H, £H 2 -OH), 3.42 (m, 1H, H- 
5), 3.30 (m, 1H, H-5), 2.01 (m, 1H, H-3), 1.83 (m, 2H t H-4), 1.60 (m, 1H, H-3), 1.45 (s, 9H, BOC). 



10 



Step 2: 



(IS, 2'S, 3R) and (1R, 2'S, 3S^O^-BOC-protino^^ 



The titled compound* were obtained as per procedure described in step 2, example 17. They were 
purified via flash chromatography (silica gel, 7:3 hexanes/EtOAc). The mixture of isomers is not 
separable by chromatography. 
15 *H NMR (GDGI3): S 6.72 (in* 2H, ArH), 5.82+5.77 (2s, 1H, H-l), 4.54 (m, lH f H-3), 4.18-3.20 (m, 
5H, H-r, H-2' and H-5'), 3.82+3.79 (2s, 6H, AiOMe), 3.05 (2m, 1H, H-4), 2.53 (m f 1H, H-4), 2.31 
(s, 3H, COCH3), 2.07-1.75 (m, 4H f H-3* and H-4*), 1.46 (s t 9H t BOC). 



Step 3: (IS, 2'S, 3R) and (1R, 2'S, 3SMnethyHHO-N-BOC-pi^^ 

20 tetraliydro-l-H-aaphtho [2,3-C] pyran-3-yI) ketone BCH-2067 
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The titled compounds were obtained as per procedure described in step 3, example 17. They were 
purified vii preparative thin layer ctomatography (silica gel, 7:3 hexanes/ethyl acetate). 
*H NMR (CDCI3): 5 8.02 (m, 2H, ArH), 7.70 (m, 2H # ArH), 5.75+5.73 (2s, 1H. H-i), 4.47 (m, 1H, 
5 H-3), 4.15-3.18 (m, 5H, H-l\ H-2 f and H-5') f 2.97 (2m, 1H, H-4), 2.5 (in, 1H, H-4), 2.33 +2.32 (2s, 
3H, COGH3), 2.05-1.72 (m, 4H, H-3' and »4'), 1-48 (s t 9H, BOQ. 

Step 4: (IS, 2'S, 3R) and (1R, 2'S, 3SH»elhyHMO-p^^ 

[2,3-C] pyran-3-yl) ketone hydrochloride salt 

10 

The titled compounds were obtained as per procedure des cri bed in step 4, example 17. 

*H NMR (DMSO): 6 8.02 (m, 2H, ArH), 7.88 (m, 2H, ArH), 5.73+5.71 (2s, 1H, H-l), 4.68 (m, 1H, 
H-3), 4.19-3.48 (m, 3H, H-2' and H-l'), 3.10 (m, 2H, H-5'), 2.39 (dd, 1H, H-4), 2.35 (m, 1H, H-4), 
2.32+2.31 (2s, 3H, COCH3), 2.10-1.55 (m, 4H, H-3' and H-4'). 
15 Example 20: Preparation of naphtho-t2 y 3-c] pyran derivative with a cyano side chain 
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owe o at °** 

Ofcfc Ofyfc OMc 
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&7 



OMc 

CN * Js^^n^^CN 




O OH OM* OH 




O O 

1 UIITBl 



PNBO 



I- 

o o 

• MUTBA 



R-PN 



R-H 
BCH-1688 



Step 1: 5,frdiinethoacy-3-phBayisulphone 

5 To a stirred solution of 5,8Kumeuwxy-3-aceto iaochroman (12.8 g, 54 mmol) in methylene chloride (350 
ml) at room temperature wis added 3-chloroperben2oic acid 80% (18 g f 83 mmol) in portions over 15. 
minutes. After 2 horns, magnesium sulfate (6.8 g, 56 mmol) and sulfuric acid (10 g 9 70 mmol) were 
added. After 2 hours, a saturated solution of potassium carbonate was added then the reaction mixture 
was washed with water and brine. The organic layer was dried over MgS(>4 and evaporated. The titled 

10 compound was purified by trituration in ether (11 g, 60%), m.p.: 118-119°C, 

*H NMR (250 MHz, C6*>6>- & J 1.5 and 8.0 Hz, 2H, Ar-H), 6.90 (m, 3H t Ar-H), 6.29 

(2d, J «= 8.9 Hz, 2H, Ar-H), 5.08 (d, J = 15.5 Hz, 1H. H-l), 4.53 (d, J «= 15.5 Hz, 1H, H-l), 4.40 
(dd, J = 4.7 and 9.2 Hz, 1H, H-3), 3.40 (dd, J = 4.7 and 17.0 Hz, 1H, H-4). 3.28 (s, 3H, -OCH 3 ), 
3.27 (dd, 9.2 and 17.0 Hz, 1H, H-4), 3.19 (s, 3H, -OCH 3 ). 



15 
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Step 2: 5,8-iiimHhftTcy-3<yano tsochroman 

To a stirred solution of A1C1 3 (1.39 g 9 10.4 mmol) and TMS-CN (1.4 ml, 10.4 mmol) in CH 2 C1 2 (40 
ml) at -78°C under argon was added the pyranylsulfbne from step 1 (example 2) (1.16 g, 3.5 mmol) then 
5 the temperature was slowly raised to -20°C. After 4 hours, the reaction mixture was worked up in 
methylene chloride and water. The organic layer was washed with brine and dried over MgSO^ The 
solvent was evaporated and the residue was purified by flash chromatography (hexanes/AcOEt 3/1) to 
give the titled compound (596 mg, 78*). 

*H NMR (250 MHz, CDCI3), & 6.30 (2d, J ■= 8*2 Hz, 2H, Ar-H), 5.08 (d, J = 16.3 Hz, 1H, H-l), 
10 4.78 (d, J = 16.3 Hz. 1H, H-l), 4.03 (t, J = 5.1Hz, 1H, H-3), 3.27 (s, 3H, -OCH3), 3.18 (s, 3H, - 
OCH 3 ), 2 80 (*»• J «= 5.1 and 17.2 Hz, 1H, H-4), 2.66 (dd, J « 5.1 and 17.2 Hz, 1H, H-4). 

Step 3: 14iydVoxy-3<yaiio-5 t *-dirn«tboxy isocfaroman 

To a stirred solution of 2,5-diinethoxy-3-cyano isochroman (670 mg, 3.06 mmol) in CCI4 (60 ml) were 
15 added N-bronneuccinimide (653 mg, 3.67 mmol) and a catalytic amount of AIBN. The mixture was 
heated to reflux and alter 45 minutes, the solvent was evaporated and tetrahydrofurane (40 ml) and water 
(40 ml) were added. After 1 hour, the reaction mixture was worked up in ether. The organic layer was 
washed with brine and dried over MgSO^ The solvent was evaporated and the residue purified by 
trituration in a small amount of ether to give the titled compound (453 mg, 63%). 
20 *H NMR (250 MHz, acetone D5): 6.90 (2d, J -= 9.0 Hz, 2H, Ar-H), 6.06 (2d, J = 5.2 Hz, 2H, H-l, * 
OH), 5.27 (dd, J - 4.1 and 12.1 Hz, 1H, H-3), 3.81 (s, 3H, -OCH3), 3.78 (s, 3H, -OCH3), 3.09 (dd, J 
- 4.1 and 17.1 Hz, 1H, H-4), 2.82 (dd, J = 12.1 and 17.1 Hz, 1H, H-4). 

Step 4: 14iydnn^H3<yaiio-5,&HliaxG-5,8^ 

25 

The titled compound was obtained in 77 % yield by applying the procedure described in step 3, example 
12, to the precursor of step 3 of this example. 

*H NMR (250 MHz, acetone Dg) 5: 6.86 (2d, J = 10.1 Hz, 2H, -CH=CH-), 6.61 (d, J - 5.7 Hz, 1H, 
H-l), 5.88 (d, J ■= 5.7 Hz, 1H, -OH), 5.20 (dd, J « 3.8 and 11.6 Hz, 1H, H-3), 2.98 (dd, J - 3.8 and 
30 18.9 Hz, 1H, H-4), 2.73 (dd, J - 11.6 and 18.9 Hz, 1H, H-4). 

Step 5 and 6: d'S, IS, 3R) and (l'S, 1R, 3S)-54 A -£a«h3-cyan^ 

ftridenxy-3'-trifluoroacetarai<^ 

lyxohexopyraiio6e)*3,4,5,104etrahya^ pyran 

35 

Hie titled compounds were obtained in 27% yield by following the procedure described in step 4, 
example 12, on the precursor of step 4 of this example. 

*H NMR (250 MHz, CD2&2) 5: 8.30 (m, 4H, Ar-H), 8.10 (m, 2H, Ar-H), 7.80 (m, 2H, Ar-H), 6.55 
(m, 1H, -NH), 6.15 and 5.95 (2s, 1H, H-l), 5.70 (m, 1H, H-4'), 5.60 and 5.55 (m, 1H, H-l'), 5.10 (m, 
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1H, H-3), 4.7O4.20 (m, 2H, H-3\ H-5), 3.25-2-80 (m, 2H, H-*), 2.40-2.00 (m, 2H, H-2'). l-» and 
1.20 (2d, J *= 6.7 Hz, 3H, H-6'). 

Step 7: {VS f 141, 35) and (I'-S, M;3.R)-3^y«IlD-1^2• f 3^« , -<ridaay-3 , - 

5 trifluoroaotamidi^^ 

temfaydronaphtho^^-C] pynn-3-yl BCH-16M 

The titled «wwpmmAi were obtained in 63% yield by following the procedure described in step 3, 
example 5, on the precursor from step 6 of this example. 
10 lH NMR (250 MHz, CE^Cty 6: 8.07 (m, 2H, Ar-H), 7.79 (m, 2H, Ar-H), 6.80 (m, 1H, N-H), 6.09 
and 5.92 (2s, 1H, H-l), 5.52 nd 5.42 (2d, 1H, H-l'), 5.04 (lm, 1H, H-3), 4.4O4.05 (m. 2H, H-3', H- 
5*), 3.70 (m, 1H, H-4'), 3.20-3.05 (lm, 1H. H-4), 3.00-2.80 (lm, 1H, H-4), 2.30-2.00 (m, 3H, -OH, 
H-2'), 1.38 and 1.29 (2d, J - 6.7 Hz, 3H, H-6')- 
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Example 21: Preparation of some sugar derivatives 




Me 

5 Stcpl: 3,4Hfime4boxy-L-fucal t and 3-methoxy^-fucal 

To a stirred solution ofL-fucal (400 mg, 3.1 mmol) in dimethylftmnamidc (7.5 ml) were added methyl 
iodide (0.85 ml, 3.6 mmol) and silver oxide (1.16 g, 5.0 mmol). After 1.5 hour, the reaction mixture 
was worked in; in CH2CI2 slid water. The organic layer was washed with brine and dried over MgSO^ 
10 The solvent was evaporated. The products were separated by flash chromatography (hexanesyAcOEt 2/1) 
to give dimethoxy fucal (79 mg, 16%). 

*H NMR (250 MHz, CDCI3) 8: 6.29 (dd, J = 1.3 and 6.2 Hz, 1H, H-l), 4.72 (m, 1H, H-2), 4.05 (m, 
2H, H-5, H-4), 3.57 (a, 3H, -OCH3), 3.44 (m, 1H, H-3), 3.39 (s, 3H, -OCH3), 1.31 (d, J - 6.6 Hz, 
3H, H-6). 

15 The 3-methoxy-I^fucal (20% yield) had: 

l K NMR (250 MHz, CDCI3) 5: 6.36 (dd, J = 1.2 and 6.2 Hz, 1H, H-l), 4.60 (m, 1H, H-2), 4.05- 
3.80 (m, 3H, H-3, H-4, H-5), 3.40 (s, 3H, -OCH3), 2.37 (d, J = 3.9 Hz, 1H, -OH), 1.36 (d\ J - 6.6 
Hz, 3H, H-6). 

20 Step 2: 3-methoxy-4^nesyl-L-fucal 

Mesylation of 3-inethoxy-L-rucal yielded (84%) of the tided compound. 
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*H NMR (250 MHz, CDC1 3 ) 6: 6.34 (dd, J = 2.1 and 6.5 Hz, 1H, H-l), 4.95 (m, 1H, H-2), 4.73 (m, 
1H ( H-4), 4.13 (m, 2H, H-3, H-5), 3.45 (s, 3H, -OCH3), 3.15 (s, 3H, -SO2CH3), 1.40 (d, J = 6.6 Hz, * 
3H f H-6). 

5 Step 3: 1-t-Butyl diinettiylsilyk»x7-3-faffl^ 

L-lyxohexopyranose 

To m stood solution of 1-t-butyl dimethylsflyloxy, 3-trifliioroacctimido-2 > 3 , 6-trideoxy-L- 
lyxohexopyranose (504 mg, 1.41 mmol) is CH 2 C1 2 (7 ml) at 0°C were added mcihincsulfonyl chloride 

10 (218 nl, 2.82 mmol) and triethylamu* (590 |il, 4.2 mmol). After 2 hoars the reaction mixture was 

worked up with CH2CI2 end HO 0.1 N. The organic layer was washed with a solution of NaHCX>3 and 
brine then dried over MgS0 4 . The solvent was evaporated to give 1-t-butyl dimethyl silyloxy, 3- 
trifluoroac*4amido-2»3 ,6 trideoxy-4 methanesulfonyl-L-lyx^^ (604 mg, 98%). 

*H NMR (250 MHz, CDCI3) 6: 7.28 (d, J = 7.7 Hz, 1H, N-H), 4.83 (dd, J - 2.1 and 9.1 Hz, 1H, H- 

15 1), 4.71 (d, J - 2J2 Hz, 1H, H*4), 4.25 (m, 1H, H-3), 3.75 (q, J ~ 6.4 Hz, 1H, H-5), 3.18 (s, 3H, - 
SO2-CH3). 2.0 (m, 1H, H-2). 1.75 (m, 1H, H-2), 1.31 (d, J = 6.4 Hz, 3H, H-6), 0.89 (s, 9H, - 
CXCH 3 >3), 0.12 and 0.11 (2a, 6H, -Si(CH 3 >2). 

Step 4: 1-4-Batyl diinediylsilytoy-3-trifluoroac^ 

20 ryxohexopyrmnose 

To a stirred aotuooe of M-batyl dimetbylsflyloxy-3-trifluoroe^ 

ryxohexopynaaoae (SI mg, 0.18 mmol) in CH 2 C1 2 (2 ml) at 0°C were added collidine (47 ul> 0.36 
mmol), and evocaoaoetyferaai»de (24 pi, 0.27 mmol). After 1 hoar, the reaction mixture was worked up 
25 with CH^O} sod voter. The organic layer was washed with brine and dried over MgSO^ The solvent 
was evaporaaad id grvo the titled compound (76 mg, 74%). 

l R NMR (250 MHz, CDCI3) & 6.47 (o\ J = 8 Hz, 1H, N-H), 5.03 (o% J = 3.0 Hz, 1H, H-4), 4.84 
(dd, J - 2J and 9.0 Hz, IH. H-l), 4.35 (m, 1H, H-3), 4.00 and 3.80 (2d, J = 10.5 Hz, 2H, -CH r Br), 
3.75 (dq, J - 1 Hx» 6*5 Hz, 1H. H-5), 2.05-1.70 (m, 2H, H-2), 1.20 (d, J = 6 J, 3H, -H6), 0.9 (s, 9H, 
30 -C(CH 3 )3) f 0. 13 (2a, 6H. -Si(CH 3 )2). 

Example 22: Preparation of few napbiho-[2,3-c] pyran derivatives 
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KfcO 



BOM072 



Step 1: (l'-S, 1-S, 3*R) and (l'-S, 1-R, 3-S)-metbyl-(l.[2 , 9 3 > »4 > ,6 > t*todeoxy-3'- 

trifluoroacetami(kMr-0«e 

3,4,5,10 ted^ jdnmaphtho-[2>c] ketone BGH-2095 



10 



The titled co mp o u nd was obtained in 45% yield by using the procedure described in step 2 of this 
example but with the sugar obtained from step 3, example 21. It was purified by flash chromatography 
(toluene/acetone 95/5). 



*H NMR (250 MHz, CDC1 3 ) 8: 8.10 (m, 2H, Ar-H), 7.80 (m, 2H, Ar-H), 7.15 (2d, J - 8.0 Hz, 1H, 
N-H), 6.16 and 6.00 (2s, 1H, H-l), 5.62 and 5.50 (2d, J = 1.5 Has, 1H, H-l"), 4-89 and 4.84 (2 broad 
s, 1H, H-4'), 4.75 and 4.25 (2q, J = 6.6 Hz, H-5), 4.50 (m, 2H, H-3, H-3 f ), 3.23 and 3.21 (2s, 3H, 
-SO2CH3), 3.10 (m, 1H, H-4), 2.55 (m, 1H, H-4), 2.33 and 2.32 (2s, 3H, -CO-CH 3 ) t 2.00 (m, 2H, H- 
15 2'), 1.45 and 1.30 (2d, J - 6.6 Hz, H-6'). 



Step 2: (l'-S, 1-S, 3-R)-methyl-(l-[2 f f 3 , 9 4\6 > tetrack»xy-3^tiifluon^^ 

Immo-acety0*l^jxopyraiiose]-5 v lO-dioxo-3,4,5,10 tetrahydronaphtho-123-c] 
pyran-3-yl) ketone BCH-2105 
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To a stirred solution of the aglyoone from example 3 (30 mg, 0. 1 1 mmol), 4-bromoacetyl-l-t-buty I 
dimethyl8Uyloxy-3-trifkuofo-aoetamido daunosamine derivative (76 mg, 0.13 mmol) molecular sieves A 
(62 mg) in CH2CI2 (1.2 ml) at -50°C under argon was added trimethylsilyl trifluoranethanesulfcmate (23 
5 0.12 mmol). After 2 hours at -30°C, the reaction mixture was worked up with a solution of NaHCCVj 
10% and CH2CI2* The organic layer was washed with brine and dried over MgSO^ the residue was 
purified by flash chromatography (hexanes/AcOEt 2:1) to give the titled compound (8 mg, 12%). 
*H NMR (250 MHz, CDQ 3 ) 6: 8.12 (m, 2H, Ar-H), 7.T7 (m, 2H, Ar-H), 6.33 (d, J = 8.1Hz, 1H, 
N-H), 6.00 (s, 1H, H-l), 5.67 (s, 1H, H-l'), 5.16 (s, 1H, H-4'), 4.53 (dd, J = 3.9 and 11.6 Hz, 1H, 
10 H-3), 4.53 (m, 1H, H-3'), 4.23 (q, J - 6.7 Hz, 1H, H-5'), 3.90 (2d, J « 10.9 Hz, 2H, -CH 2 -Br), 3 08 
{dd, J « 3.9 and 19.8 Hz, 1H, H-4), 2.53 (dd, J « 11.6 and 19.8 Hz, 1H, H-4), 2.34 (s, 3H, -CO- 
CH 3 ), 2.02 (m, 2H, H-2'), 1.19 (d, J « 6.7 Hz, 3H, H-6'). 

Step 3: (l'-S, 1-R, 3-SHnethyHl-I2 > 9 3 , »4%6 > tetradeo^^'-aiethoxy^'-O- 

15 meihaiiesulfonyl-Uyxohexap t£ti^ydn>naphtbo-{2,3« 

c] pyran-3-yl) ketone BCH-2070 

The titled compound was obtained in 22% yield by applying the procedure described in step 4, example 
12, to the aglyoone firom example 3 and die glycal firom step 2, example 21. Purification was carried out 

20 by flash chromatography (toluene/acetone:95/5) M.P. 85-89°C. 

*H NMR (250 MHz, GDCI3) 6: 8.11 (m, 2H, Ar-H), 7.77 (m, 2H, Ar-H), 5.98 (s, 1H, H-l), 5.62 (d, 
J - 2.8 Hz, 1H, H-l'), 4.85 (s, 1H, H-4'), 4.46 (dd, J « 4.0 and 11.6 Hz, 1H, H-3), 4.04 (q, J « 6.5 
Hz, 1H, H-5'), 3.62 (m, 1H. H-3 1 ), 3.39 (s, 3H, -OCR 3 ) f 3.14 (s, 3H, -SO2-CH3), 3.05 (dd, J •= 4.0 
and 19.5 Hz, 1H, H-4), 2.50 (dd, J = 11.6 and 19.5 Hz, 1H, H-4), 2.33 (s, 3H, -CO-GH3), ZOO (m, 

25 2H,H-r), 1.33(d,J-6.5Hz,3Ei;iH')- 

Step 3 (Cont'd): (l'-S, l'S, 34t)-mettiyK142 > 9 3 , >4 > t 6 l tetad^-3'4iethaxy- 

4 , -0-methaiiesulfonyI4y-kyxohexopyraiio^ 
3,4,540 tcprah7dronaphtho-R3<] pyran-3-yl) ketone BCH- 
30 2072 

The titled compound was obtained in 11 % yield by using the procedure described in step 3 of this 
example but using the 1,3-diepimeric aglyoone. M.P. 1 39-14 1°C. 

*H NMR (250 MHz, CDCI3) 6: 8.12 (m, 2H, Ar-H), 7.77 (m, 2H, Ar-H), 6.15 (s, 1H, H-l), 5.52 (d, 
35 J = 1.5 Hz, 1H, H-l'), 4.95 (d, J = 1.5 Hz, 1H, H-4'), 4.59 (q, J = 6.5 Hz, 1H, H-5'), 4.49 (dd, J = 
4.1 and 11.6 Hz, 1H, H-3), 3.60 (m, 1H, H-3*), 3.38 (s, 3H, -SO2CH3), 3.15 (s, 3H, -OCH3), 3.07 
(dd, J = 4.1 and 19.9 Hz, 1H, H-4), 2.55 (dd, J - 11.6 and 19.9 Hz, 1H, H-4), 2.33 (s, 3H, 
-CO-CH3), 1.95 (m, 2H, H-2'). 1.50 (d, J « 6.5 Hz, 3H, H-6*). 
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Step 4: (1-S, 3-R) and 3^nethyMMl-methoxy-4^^ 

3,4,5,10 tetrahydnmaphtbo-{2^-c] pyran-3-yI) ketone BCH-2096 

To a stirred solution of the aglycone from example 3 (7 mg, 0.026 mmol) in tetrahydrofurane (1.6 ml) 
5 were added S,6-dihydro^nwtboxy-2H-pynn (29 111, .26 mmol) and a catalytic amount of FTSA. After 
4 hours, the reaction was worked up with CH2CI2 and N1HCO3 5%. The organic layer was washed 
with brine and dried over MgSO^ Toe solvent was evaporated to give the titled compound (10 mg, 
96%). 

*H NMR (250 MHz, CDCI3) 8: 8.10 (m, 2H, Ar-H), 7.70 (m, 2H, Ar-H), 6.34 (s, 1H, H-l), 4.66 
10 (dd, J = 4.3 and 11.6 Hz, 1H, H-3), 3.80-3.50 (m, 4H, -CH^O-^r)' 3.40 (s, 3H, -OCH3), 3.06 
(dd, J m 4.3 and 19.7 Hz, 1H, H-4), 2.52 (dd, J = 11.6 and 19.0 Hz, 1H, H-4), 2.30 (s, 3H, -CO- 
CH 3 ), 2.20-1 .85 (m, 4H, -CH 2 - C ' CH 2")- 
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Example 23: Preparation of naphtho-g^.-c] pyran derivative with a bomo methyl 

ketone side chain. 

OMe CO,tBu OMe . 

OMe QKfe OMb 

■/. 

Oft* 
GMo O 




BCH-2098 

5 

Step 1: 5^Dimethoxy-3^t4wtyl acetoacetato) tsochroman 

To a stirred solution of pyranoeulfone from step l t example 20, (1.12 g, 3.35 mmol) in CH2O2 (40 ml) 
at -78°C were added a solution of silyl enol ether of t-buryl acctoacetate (10 mmol) in CH2CI2 (10 ml) 
10 and AICI3 (1.33 g, 10 mmol). Temperature was then raised to -30°C for 2 hours. The reaction mixture 
was worked up with GH2O2 **** 0.1 N. The organic was washed with brine and dried over 
MgS0 4 . The solvent was evaporated to give the title P-ketoester (519 mg, 43%). 
l H NMR (250 MHz, CDCI3), S: 6.63 (m, 2H, Ar-H), 4.91 and 4.85 (2d, J » 9.8 Hz, 1H, H-l), 4.60 
and 4.53 (2d, J = 7.9 Hz, 1H, H-l), 4.20 (m, 1H, H-3), 3.76-3.74 (3s, 6H, -OCH3), 3 - 62 ft J = 9 5 
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Hz, 1H), 2.90 <m, 1H, H-4), 2.45 (m, 1H, H-4), 2.32 and 2.28 (2s, 3H, -CO-CH 3 ), 1.49 and 1147 (2s, 
9H, -C(CH 3 )3). 

Step 2: 5,&-Dimethoxy-3-{propane-2-ooe) tsocfaraman 

5 

The product from step 1 of this example was decarboxyUted, in 91 X yield, with concentrated aqueous 
HBr in acetone. 

*H NMR (250 MHz, CDa 3 ) 6: 6.63 (2d, J = 9.0 Hz, 2H, Ar-H), 4.88 (d, J = 15.9 Hz, 1H, H-4), 
4.58 (d, J - 15.9 Hz, 1H, H-4), 4.06 (m, 1H, H-3), 3.77 and 3.75 (2s, 6H, -OCH 3 ), 2.85 (m, 2H, - 
10 CHyCO-), 2.63 (dd, J - 4.8 and 16.5 H* 1H, H-4), 2.40 (dd, J = 10.9 and 16.5 Hz, 1H, H-4), 2.24 
(s, 3H, -CO-CH 3 ). 

Step 3: 5,8J>!inethox7-3^propane-2-^ 
nhrobenzoyl-L4yxohexopyrao6^^ 

15 

The iaochroman from 2 herein was glyeoaidated as per procedure described in step 3, example 34. The 
title compound was obtained in 97* yield. 

*H NMR (250 MHz, CDCI3) 8: 8.26 (d, J = 2.0 Hz, 4H, Ar-H), 6.74 (m, 2H, Ar-H), 6.50 and 6.35 
(2d, J « 7.0 Hz, 1H, -NH), 6.02 and 5.88 (2s, 1H, H-l), 5.59 (a, 1H, H-l'), 5.49 and 5.46 (2s, 1H, H- 
20 4'), 4.70 (m, 2H, H-3', H-3), 3.80 and 3.78 (2s, 6H, -OCH3), 3.00-2.50 (m, 2H, H-4, -CH 2 -CO-), 
2.50-2.00 (m, 2H, H-4, -CH 2 -CO-), 2.24 and 2.22 (2s, 3H, -COCH3), 1.25 and 1.15 (2d, J - 6.5 Hz, 
3H.H-6'). 

Step 4: 5,84>imiOn3-(propane-2-<Mie)-l-(2 ' ,3' ,6'-trideoxy-3 ' -trininroacetamidtHt'-O-p- 

25 nilnibc nipy l-L-lyxohcxopyraiiose^ 

The titled compound was obtained in 94% yield via oxidative -demethylation of the isochroman obtained 
from step 3 herein as per procedure described in step 4, example 34. 

*H NMR (250 MHz, CDCI5), 5: 8.30 (d, J - 5.7 Hz, 4H, ArH), 6.80 (m. 2H, Ar-H), 6.42 and 6.35 
30 (2d, J = 7.0 Hz, 1H, N-H), 5.81 and 5.70 (2s, 1H, H-l), 5.59 and 5.54 (2s, 1H, H-l'), 5.45 (2d, J = 
1.5 Hz, 1H, H-4'), 4.80-4.40 (m, 3H, H-3', H-5', H-3), 2.90 (m, 1H, H-4), 2.70 (m, 2H, -CH 2 -CO), 
2.40-1.90 (m, 3H, H-4, H-2'). 2.23 and 2.21 (2s, 3H, -C(W3I 3 ). 1.28 and 1.15 (2d, J = 6.5 Hz, 3H. 
H-6'). 

35 Step 5: 5,10-Dioxo-3-<propajie-2-o^ 

mtrobenzoyl4/-lyxoh«opyrano6e)-3,4^ pyran 

The titled compound was obtained via cycloaddition between 1-acetoxybutadiene and the quinone from 
step 4 herein by following the procedure described in step 5 , example 34. 
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*H NMR (250 MHz. CDCI3), & 8.31 (2d, J = 9.1 Hz, 4H. Ar-H), 8.11 (m, 2H, Ar-H), 7.78 (m, 2H, 
Ar-H), 6.45 and 6.33 (2d, J = 7.3, 1H, N-H), 5.99 and 5.88 (2a, 1H, H-l), 5.71 and 5.60 (2s, 1H, H- ' 
1'), 5.48 (Is, 1H, H-4'), 4.80-4.40 (m, 3H, H-3, H-3\ H-4'), 3.00-2.60 (m, 3H, H-4, -CH 2 -CO-), 
2.50-2.00 (m, 3H, H-4, H-2*), 2.25 and 2^3 (2s, 3H, -CO-CH3), 1.33 and 1.17 (2d, J = 6.5 Hz. 3H, 
5 H-6 1 ). 

Step <: (l'-S, 1-S, 3-R) and (T-S, 3^W«lydrolly-1^2•3 , t ^5 , ^rideoxy•3 , - 

trifluoroacetunioV>,4-liydYoory-^ 

tetrahydroaapfatho-{23<] pyran-3-yl) propane-2-one BCH-2098 

10 

Hie titled annpoimd was obtained following deprotection of Hie glycoside from step 5 herein as per 
procedure described in step 6, example 34. 

*H NMR (250 MHz, CDCI3) & 8.10 (m. 2H, Ar-H), 7.75 (m, 2H, Ar-H), 6.73 (d, J = 7.5 Hz, 1H, 
N-H), 5.93 and 5.81 (2s, 1H, H-l), 5.52 and 5.41 (2d, J = 2.7 Hz, 1H, H-l'), 4.804.20 (m, 3H, H-3, 
15 H-3*. H-5'), 3.70 (m, 1H, H-4'), 3.00-2.60 (m, 3H, H-4, -CH 2 -Cf», 2.40-1.70 (m, 4H, H-4, H-2', - 
OH), 2.23 and 2.20 (2s, 3H, -CO-CH3), 1.41 and 1.20 (2d, J - 6.6 Hz, 3H, H-6')> 

. Example 24: Preparation of naphtbo-T&3-c] pyrsn derivative with a C-2 1 glycoside 

bakage 

20 
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BOM144 BOM145 



Step 1: (W,3S)&nd (1-S, 3RH-(2'^6'^deo^-3'^iioro&^ 

uil ii>btt iz yk)xy-l y 5-<fihydn>-L4^ 
5 acetcisocfaraiuu] 

2,5-Dimethoxy-] 4iydtaxy-3-«cetoiflochroiMn wis reacted with 1 ,4^<>-p^tn)beatoyl-N-trifluorotcyl 

chromatography (G^C^/acetone 99/1). 

10 l H NMR (250 MHz, CDQ 3 ) 6: 8.30 (m, 3H, Ar-H, N-H), 8.09 (d, J = 8.7 Hz, 2H, Ar-H), 6.71 (2d, 
J = 8.8 Hz, 2H, Ar-H), 6.02 (s, 1H, H-l'), 5.84 (d, J « 3.6 Hz, 1H, H-4*), 5.62 (s, 1H, H-l), 5.30 
(m, 1H, H-3'), 4.45 (m, 2H, H-3, H-5 1 ), 3.81 (Is, 3H, -OCH3), 3.76 (Is, 3H, -QCH 3 ), 3.11 (dd, J «= 
3.9 Hz and 17.3 Hz, 1H, H-4), 2.61 (dd, J = 12-1 and 17.3 Hz, 1H, H4), 1.95 (s, 3H, -COGH 3 ), 1.28 
(d, J « 6.6 Hz, 3H, H-6'). 

15 The second diastereomer had: 
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»H NMR (250 MHz, CDCI3) S: 8.28 (2d, J = 9.0 Hz, 4H. Ar-H), 6.90 (d, J - 7.8 Hz, 1H, N-H), 
6.70 (2d, J = 9.0 Hz. 2H, Ar-H), 6.18 (d, J = 1J Hz, 1H, Hrl'). 5.75 (d, J = 4.8 Hz. 1H, H-4'). 
5.55 (8, 1H, H-l), 5.30 (m, 1H, H-3'). 4.30 (m, 2H. H-5', H-4), 3.80 (s, 3H, -OCH3), 3.60 (s, 3H, - 
OCH3), 3.02 (dd, J = 4.3 and 17.6 Hz, 1H, H-4), 2.57 (dd. J = 11.6 and 17.6 Hz, 1H, H-4), 2.29 (s, 
5 3H, -CO-CH3). 1 39 (d, J = 6.6 Hz, 3H, H-6*). 

Step 2: (1R, 3SH-(2',3%6'-«ridenxy-3'-trinuoroaffiOT^ 

dfydnhlsJyxohenpsrrauM^^ 

10 The (1R, 3S) product from step 1 herein wu oxidatively demethylated as per procedure in step 3, 
example 12. 

*H NMR (250 MHz, CDCI3) 8: 8.23 (d, J - 8.7 Hz, 2H, Ar-H), 8.03 (d, J = 8.7 Hz, 2H, Ar-H). 
7.65 (d, J - 6.6 Hz, 1H. N-H), 6.75 (2d, J = 10.3 Hz, 2H, Ar-H). 6.28 (d, J = 1.4 Hz, 1H, H-l), 
5.78 (d. J - 3.8 Hz. IH. H-4'), 5.37 (a, 1H, H-l'). 5.21 (m, 1H, H-3'). 4.43 (q, J *» 6.5 Hz, 1H. H- 
15 5'), 4 M (dd, J - 3.8 and 11.2 Hz, 1H. H-3). 2.90 (dd, J - 3.8 and 19.5 Hz. 1H. H-4), 2.40 (ddd, J = 
1.6, 1L2 and 19.5 Hz. IH, H-4), 1.88 (a, 3H, -COCH3), 1.26 (d, J — 6.5 Hz, 3H, H-6'). 
Step 3: OR. 3S)-l-g',3\<'-<ridtaxy-3'-<rinuoToac«t^ 

dQr/drt>4^yxoheMpjraiiose-2-yI)-5,10-dkjx^ 

R3-c]pjrran 

20 

The muaone from atep 2 herein was cycloadded with l-acetoxybutadieoe as per procedure from step 4, 
example 12. The product had; 

lH NMR (250 MHz, CDCI3) 5: 8.30 (d, J - 8.7 Hz, 2H. Ar-H). 8.10 (m, 4H, Ar-H), 7.80 (m, 2H, 
Ar-H). 6J6 (d. J - 1.9 Hz, IH, H-l), 5.86 (d, J - 3.9 Hz. IH. H-4'), 5.60 (s, IH, H-l'). 5.31 (m. 
25 IH. H-3*). 4.49 (a, J - 6.6 Hz. 1H. H-5'), 4.35 (dd, J - 3.9 Hz, and 11.4 Hz, IH, H-3). 3.12 (dd. J 
- 3.9 Hz and 19.4 Hz, IH. H-4), 2.62 (ddd. J - 1.9. 11.4 Hz. 19.4 Hz, IH. H-4). 1.98 (s, 3H. -CO- 
CH3). 1 Jl (d. J - 64 Hz, 3H. H-6'). 

Step 4: (1R, 3S)-l-a'^\<'-tiideoxy^ , -trifliinnMMTfBro 

30 |ysafaemp?nnose-2-yl)-5,lt4M^ pyran 

BCH-2144 

The tricyclic product from step 3 herein was deprotected as per procedure from step 3, example 5. The 
title product had: 

35 »H NMR (250 MHz, CDCI3) fi: 8.20 (m. 2H, Ar-H). 7.75 (m, 3H, N-H, Ar-H), 6.25 (d. J = 1.7 Hz, 
IH. H-l). 5.55 (8. IH, H-l'), 5.11 (m, IH. H-3'), 4.32 (dd, J = 4.0 Hz and 11.1 Hz, IH. H-3), 4.23 
(q, J *= 6.5 Hz, IH, H-5'), 4.05 (d, J - 3.7 Hz, 1H, H-4'), 3.00 (dd, J - 4.0 and 19.8 Hz, IH, H-4), 
2.59 (ddd, J = 1.7, 11.1 and 19.8 Hz, IH, H-4). 2.28 (b, 3H. -CO-CH3), 1.70 (broad a, IH. -OH), 
1.34 (d,J»6i Hz, 3H, H-6'). 
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Step 5: (IS, 3R)4^'^\6 , ^deo3cy-3 , -trinuoroacet^ 

5 Tlie (IS, 3R) product from ^ 
at ample 12. 

1 HNMR(250MHz,CDa 3 )8: 8.32 (d, J ■ 9.0 Hz, 2H, Ar-H); 8.20 (d, J - 9.0 Hz, 2H, Ar-H), 
7.58 (d, J - 8.3 Hz, 1H, N-H), 6.80 (2d, J - 10.1 Hz, 2H, Ar-H), 6.46 (d, J - 1.3 Hz, 1H, H-l), 
5.73 (d, J - 4.8 Hz, 1H, H-4'), 5.33 (d, J - 1.9 Hz, 1H, H-l'), 5.25 (m, 1H, H-3'). 4.35 (q, J - 6.6 
10 Hz, 1H. H-5'), 4.20 (dd. J - 4.1 Hz sad 10.5 Hz, 1H, H-3). 2.88 (dd, J - 4.1 sad 19.9 Hz, 1H, H-4), 
2.40 (ddd, J = 1.9, 10.5 and 19.9 Hz, 1H, H-4), 2.27 (a. 3H, -COCH3), 1.32 (d. J = 6.6 Hz, 3H, H- 
6'). 

Slept: (lS,3RM-a , J^^deo^-3'-trifluor^^ 
15 dfliydro4^yxohexopyranose-2^^ 
P>c]pynui 

The qutncoe from step 5 herein was cycloadded with 1-acetoxybutadiene as per procedure from step 4, 
example 12. The titled product bad: 

20 »H NMR (250 MHz, CDa 3 ) 8: 8.30 (d, J — 8.9 Hz, 2H, Ar-H), 8.22 (d, J - 8.9 Hz, 2H, Ar-H), 
8.20 (m, 1H, Ar-H), 8.00 (m, 2H, N-H, Ar-H), 7.86 (m, 2H, Ar-H), 633 (a, 1H, H-l), 5.77 (d, J «= 
4.7 Hz, 1H, H-4'), 5 JO (a, 1H, H-l'), 5.30 (m, 1H, H-3'), 4.37 (q, J - 6.6 Hz, 1H, H-5'), 4.27 (dd, J 
= 4.0 and 10.7 Hz, 1H, H-3), 3.08 (dd, J - 4.0 and 19.8 Hz, 1H, H-4), 235 (ddd, J - 1.0, 10.7 and 
19.8 Hz, 1H, H-4), 231 (a, 3H, -CO-CH3), 1.31 (d, J «= 6.6 Hz, 3H, H-6'). 

25 Step 7: (IS, 3R>-1^2* J\6'-trideo^-3 , -4rinuorx>a«taimdo^ , -h^ 

|y*otiexopyr*no6e-2-yl}^,10Hl^^ PJ™ 
BCH-2145 

The tricyclic product from *tep 6 herein wag deprotected u per procedure from step 3, example 5. The 
30 tided product had: 

*H NMR (250 MHz, CDCI3) 8: 8.19 (d, J « 8.9 Hz, 1H, N-H), 8.10 (d, J - 7.3 Hz, 1H, Ar-H), 7.90 
(d, J = 7.3 Hz, 1H, Ar-H), 7.70 (m, 2H, Ar-H), 6.26 (a, 1H, H-l), 5.47 (a, 1H, H-l*). 5.10 (m, 1H, 
H-3'), 4.20 (m, 2H, H-3, H-5*), 3.97 (d, J « 4.0 Hz, 1H, H-4*), 3.00 (dd, J » 4.0 and 20.0 Hz, 1H, 
H-4), 235 (dd, J = 10.8 Hz, and 20.0 Hz, 1H, H-4), 2.32 (a, 3H, -CO-CH3), 1.70 (broad a, 1H, -OH), 
35 1.36 (d, J = 6.4 Hz, 3H, H-6"). 

Example 25: Preparation of 3,3-bis^inethoxycsxbooyD-5,10-di^^ 

lHniaphtho-{2^-c}-pynin (BCH-1665) 
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OCH, OCH, 




Step 1: 5,Mimetbaxy-3,3 bis (mctbcnTcariMmylHsocfanu^ 

To a solution of 23 bis (bfomomethyl)-! ,4-dimsthoxybenzaie (1.30 g; 4.00 mmol) in 40 ml of a 1:1 
5 mixture of tetrahydrofuran and dimediylfbrmainide were added benzoyloxy-dimetfayliittlonatr (1.06 g; 
4.19 mmol), potassium carbonate (1.16 g; 8.38 mmol) and cesium carbonate (1.37 r» 4.19 mmol). The 
resulting mixture was stirred at 80°C (oil bath temperature) for 2*5 hours. It was then cooled to room 
temperature and filtered on a pad of silica gel and the solvents were evaporated using a vacuum pump to 
yield 2.3 g of crude alkylated product which was dissoWed m methanol (60 ml). To this solution was 

10 added a solution of sodium methoxyde in methanol (4.57 ml; 4.37 M; 5 eq). The resulting mixture was 
stirred at room temperature for 2 hours and was then concentrated to a volume of -10 ml. It was 
quenched with 1 N HQ and extracted with mcMoromethane. The combined organic layers were washed 
with brine and dried over MgS0 4 . The crude product was purified by cohmm chromatography on silica 
gel using 10-25% ethyl acetate in hexane to afford the title compound (452 mg; 36% overall): 

15 *H NMR (250 MHz; CDCI3) 5: 3.25 (2H V a, H-4)^ 3.72, 3.78, 3.79 (12H, 3s, 4xOCH 3 ), 4.88 (2H, s, 
H-l), 639 and 6.65 (2H, AB doublets, Ar-H). 

Step 2: 5,S-dkno-3,3 bis (metfamgjenrbonyD-5,S^ydro iflo r hrnm a n 

20 Toasolutkmof5 t 8HiiinethOTy-3 f 3bifl(m 

acetomtrile (5 ml) at room temperature was added dropwise a solution of eerie arnmrmium nitrate (378 
mg; 0.69 mmol) in water (1 ml). The resulting mixture was then atuxed si 100m temperature for 5 
minwtjm and was q«^w4i^ by adding — mt»t«rf sodium bicarbonate solution. The product was extracted 
with dichloromethane and the combined organic layers were washed with brine and dried over MgSO^ 

25 Evaporation afforded the crude quinooe (60 mg; 95 % ) which was used without further purification: 
*H NMR (CDCI3, 250 MHz) 8: 3.03 (2H, t, J « 3Hz, H-4), 3.81 (6H, s, OCH 3 ), 4.67 (2H. t, J « 
3Hz, H-l), 6.70 and 6.77 (2H, AB doublets, Ar-H). 
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Step 3: 33 fab <m«tf»CKyo»ii»iryI)-5,l»-dK^ 

pyran 

To a aotutiaa of 5,8-dioxo-3,3 bis (mefl»xycMbooyl)-5,8Hiihydioi«ochroiiMn (50 sag; 0.17 mmol) in 
5 toluene (4 ml) it room temperature was added l-acetoxy-1,3 butadiene (113 111; 1 mmol). The resulting 
inixturewuatimriatiw>mtempe^^ Airwas men bubbled through for 30 minutes and 

the mixture was concentrated to a volume of -1 ml and applied to ailica gel column. Button with 30% 
ethyl acetate in hexane afforded pure tide compound (20 mg; 34%) as a yellow solid; m.p.: 210-222°C 
(dec): 

10 »H NMR (250 MHz, CDQ3) 6: 3.22 (2H, t, J - 2.5 Hz. H-4), 3.84 (6H, s, CO2CH3). 4.86 (2H, t, J 
-I5HI, H-l), 7.75 (2H, m, Ar-H). 8.10 (2H, m, Ar-H). 

m(film): 2963. 1743, 1662, 1641, 1591, 1438, 1288, 1175, 1055, 791 and 692 em' 1 . 
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26: 



i oT (1'S, 1R, 3S) and (VS 9 IS, 3R)-5 t 10-dkrw>-5- 
meihoxyintibyM^'^l'^rideaxy^ 

ryxobexopyrano6£)-3 9 4£40^^^ (BGH- 
1691) and BOS-l«3) 



OCRs 



OCH, 



OCH, 




OCHi 



Step I : 



53"dm>eihwj-34)ydtaxynie4hylHS0 



10 To a solution of 5,8-4imethoxy~3-ineth^ (310 mg; 1.23 mmol) in 5 ml of 

tctrahydiofuian at 0°C wu added lithium ■iuminum hydride (47 mg; 1.23 mmol). . The mixture wis 
stirred at 0°C for 15 minutes and was quenched with 1 N HCL The product was extracted with ether and 
the combined organic layers were washed with brine and dried over MgS(>4 affording crude title alcohol 
(246 mg; 90%) used as such for subsequent steps: 
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1 H NMR (250 MHz, CDa 3 ) 8: 2.42 (1H, m, H-4 ax), 235-2.75 (2H, m, H-4 eq and -OH), 3.60-3.90 
(2H, in, CH2-OH), 3.76 (3H, s, -pCH 3 ), 3.77 (3H, 8, -OO^), 4.62 (1H, brd, J ■= 16.0 Hz, H-l), 
4.97 (1H, d, J « 16.0 Hz, H-l), 6.61 and 6.65 (2H, AB doublets, ArH). 

5 Step 2: 5,&-dimetlM«j-3-incth^ 

To a mTPr>««nt. of aodium hydride (70 mg of 60% in oil; 1.78 mmol) in tetrahydrofuran (3 ml) was 

a solution of 5 t &^diiiiBtimxy-34ydr^ (330 mg; 1.48 mmol) in 7 ml of 

tetrahydrofuran. The resulting mixture was stirred at room temperature until H2 evolution ceased (-15 
10 minutes) and iodomethane (500 Ml; 5 eq)^ Ihe mixture was then stirred at 100m temperature 

for 30 minutes. Suice the reaction was not complete^ 
along with 20 mg of cesium carbonate. The mature was stirred fiv 

flitifrefvi amrnonium chloride solution and extracted with dichloromethane. The combined organic layers 
were washed with brine and dried over MgSO^ The crude was purified by column chromatography on 

15 silica gel using 75% ethyl acetate in hexane to afford the title compound (301 mg; 86%): 

lU NMR (250 MHz, CDCI3) 8: 2.45 (1H, brdd\ J - 11.0 and 17 Hz, H-4 ax), 2.69 (1H, dm, J -= 
17.0 Hz, H-4 en), 3.44 (3H, s, GH2-O-CH3), 3.55 (2H, d, J « 5.5 Hz, -CH2-O), 3.75 (3H, s, OCH3), 
3.77 (3H, s, OCH3), 4.63 (1H, brd, J « 16.0 Hz, H-l), 4.97 (1H, d» J « 16.0 Hz, H-l), 6.61 and 
6.64 (2H, AB doublets, Ar-H). 

20 Step 3: (l'S, 1R, 3^,*niaD>3*i^^ 

trifiuoroa^etamioV^'-Oi^tro^ 
dihyoYotsocrmxiun and its (l'S, IS, 3R) diastereomer 

To a solution of 5 f B-dirnethoxy-3-nvthoxyrneth (280 mg; 1.18 mmol) in 16 ml of 

25 dichlosonvthane were added 23,6^^^ 

lyxohexopyianose (555 mg; 1.42 mmol), 4A molecular sieves (500 mg) and 2,3 dichloro-5,6- 
dicyanobenzoquinone (360 mg; 1.6 mmol)* The dark green reaction rnixture was stirred at room 
temperature for 14 hours. It was quenched with saturated NaHC03 solution and extracted with 
dichloromethane. The cornbuwd organic layers were washed with saturated NaHC03 ( brine and were 

30 dried over Na 2 S04 affording, after evaporation, 671 mg of a crude adduct which was dissolved in 

acetonitrile (20 ml) at 0°C A solution of eerie ammonium nitrate (3.3 g; 6 mmol) in 10 ml of water was 
treated by portions with solid sodium bicarbonate (886 mg). The resulting yellow solution was added 
dropwise to the isochroman solution. After the addition, the mixture was stirred at 0°C for 20 minutes, 
quenched with saturated NaHC03 solution and extracted with dichloromethane. The cornbined organic 

35 layers were washed with brine and dried over Na2S04 to afford after evaporation a crude quinone which 
ym* y^rt ygtniH^H fwmi rfirJilnmiM&aneqientane yielding 225 mg of a diastereomeric quinone mixture 
favoring the title compound (2:1): 

*H NMR (250 MHz, CDCI3): L20 (3H, t, J *= 6.5 Hz, H-6*). 1.90-2.70 (4H. m, H-2' and H-4), 3.41 
(3H, s, -OCH3), 3.35-3.65 (3H, m, CH 2 -OCH 3 and H-3')> 4.15-4.70 (2H f m, H-3 and H-5')> 5.44 (1H, 
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br s, H-l'), 5.60 (1H, br s, H-4'), 5.78 (1H, s, H-l), 6.30 (1H, m, NH), 6.65-6.90 (2H, nu Ar-H). 
8.30 (4H, m, FNB): aignals for minor (1 'S, IS, 3R) isomer nt fi; 1.30 (3H, d, J - 6.5 Hz, H-6')» 
1.90-2.70 (4H, m, H-2' and H-4), 3.43 (3H, a, -OCH 3 ), 3.35-3.65 (3H, m, Ql2"0-CH3 H - 3 ')> 
4.15-4.70 (2H, m, H-3 and H-5') t 5.40 (1H, br s, H-l'), 539 (1H, br s, H4'). 5.91 (IH, s, H-l), 6.40 
5 (1H, m, NH), 6.65-6.90 (2H, m, Ar-H), 8.30 (2H, m, Ar-H). 

Step 4: (l%lR,3SW,l»-dta**^^ 
trifluoraacetajiii^^ 
ra-oapbihc>-{23<}-p7ran 

10 

To a eolation of the qninoae mixture from step 3 of this example, (100 mg; 0.17 mmol) in 6 ml of 
toluene at room temperature was added lHK»toxy-l t 3-butadiene (113 UJ; 1 mmol). The rest of the 
procedure is identical to step 2, example 5 V affording the title compound (42 mg; 40%): 
*H NMR (CD2C1 2> 250 MHz) 8: 1.17 (3H, d, J = 6 3 Hz, H-6'), 1.90-2.20 (2H, m, H-2'), 2.37 (1H. 
15 dd, J « 11 J and 193 Hz, H-4 ax), 2.70 (1H, dd, J - 3 3 and 193 Hz, H-4 eq), 3.38 (3H, s, 6-CH3), 
3.55 (2H, m, -CH2-OCH3), 4.25-4.70 (3H, m, H-3, H-3 1 and H-5'), 5.41 (1H, br s, H-l'), 5.65 (1H, 
br s, H-4 1 ), 5.90 (1H, s, H-l), 6.44 (IH, br d, J « 7 Hz, N-H), 7.75 (2H, m, Ar-H), 8.05 (2H, m. Ar- 
il). 8.27 (4H, m, FNB). 

20 (1 'S, IS, 3R)*,l<Wioxo-3-inethoxyin^ 

lutrobenzoyl-I^yxohexo-pyr^ pyran was obtained in 19% 

yield and had: 

*H NMR (250 MHz, CT^a^ 5: 1.30 (3H, d, J = 6.5 Hz, H-6'), 1.90-2.30 <2H, m, H-2'), 2.47 (1H, 
dd, J - 1 1 and 193 Hz, H-4 ax), 2.71 (1H, dd, J « 4 and 19.5 Hz, H-4 eq), 3.89 (3H, s, -OCH3), 
25 337 (2H, d, J - 5 Hz, CH2-OGH3), 4.27 (1H, m, H-l). 432 (IH, m, H-3 1 ), 4.75 (1H, q, J - 63 Hz, 
H-5'), 5.41 (1H br a, H-l f )> 536 (IH, br a, H-4'), 6.03 (1H, a, H-l), 6.46 (IH, br d, J « 73 Hz, NH), 
7.75 (2H, m, Ar-H), 8.07 (2H, m, Ar-H), 8.28 (4H, m, FNB). 

Step 5: (TS, IK, 3S^5,10Hikixon3-nietf^ 

30 trifujorosttetaiiu^ 

1 (BCH-1691) 



To a solution of (l'S, 1R, 3S)-54M«oxo-3-methoxyi^ 

4 f -0-p^tro4)enzDyl-l^lyxob«opym pyran (19 mg; .029 

35 mmol) in (.4 ml) and tetrahydrofuran (13 ml) at 0°C was added .86 pi (.1 eq) of a 4.37 M 

solution of sodium methoxyde in methanol. The resulting mixture was stirred at 0°C for 20 minute* and 
was quenched with saturated NH4CI. Extraction with mchloromethane followed by washing of the 
combined organic layers with brine and drying with Na2SC>4 furnished a crude product which was 
purified by column chromatography on silica gel using 5-10% acetone in benzene as eluent yielding the 
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yellow crystal*: M.P.: 140-159°C; 1R (neat): 3500, 3422, 3320, 2938, 1715, 1667, 1597, 1295, 1178 
sod 980 cm' 1 : 

1 H NMR (250 MHz, CT^Q^ 6: 121 (3H, d, J = 7.6 Hz, H-6*), 1.52 (1H, br a , O-H), 1.70-2.20 
S (2H, m, H-2'), 2.35 (1H, dd, J - 11.7 and 19.3 Hz, H-4 ax), 2.68 (1H, dd, J - 3.4 and 19.3 Hz, H-4 
eq), 3.56 (3H, s, OCH 3 ), 3.52 (2H, d, J - 4.8 Hz, CH2-OCH3), 3.58 (1H, br a, H-4'), 4. 15-4.40 (3H, 
m, H-3, H-3', H-5'), 5.46 (1H, br a, H-l'), 5.83 (1H, a, H-l), 6.73 (1H, br d, J - 7 Hz, N-H), 7.75 
(2H, m, Ar-H), 8.05 (2H, m, Ar-H). 
Step 6: (l'S, IS, 3R)-5,l©-dka<>-3-ii*thoxyn^ 

10 {riflasessatEsnido-LJjxQkesopy^^ [2,3-c] 

pyran (BCH-1693) 

The starting protected alcohol from atop 4 of Una example (18 ing; 0.028 nmol) m .4 inl inethanol and 
1.5 ml of tetrahy drofiuan was treated with .83 |al of a 4.37 M aolution of aodnun methoxide in methanol 

15 following the procedure from step 5 herein to afford me title compound (12.5 mg; 90S): m.p.: 92-102° 
C; IR (neat): 3485, 3424, 3323, 2937, 1715, 1666, 1595, 1296, 1175, 1117, 980 cm' 1 . 
*H NMR (CD2CI2' 250 MHz) 6: 1.35 (3H, d, J - 6 J Hz, H-6), 1.85 (2H» m, H-2'), 2.01 (1H, br d, 
J = 7Hz, O-H), 2.46 (1H, dd, J - 11.5 and 20 Hz, H-4 ax), 2.69 (1H, dd, J - 3.7 and 20 Hz, H-4 
eq), 3.36 (3H, a, OCH3), 3.54 (2H, d, J - 4.7 Hz, CH2-OCH3), 3.60 (1H, m, H-4'), 4.15-4.40 (2H, 

20 m, H-3' and H-3), 4.55 (1H, q, J - 6.5 Hz. H-5'), 5.39 (1H, br a, H-l'), 5.98 (1H, a, H-l), 6.78 (1H, 
br d, J -= 7 Hz, -NH), 7.75 (2H, m, Ar-H), 8.05 (2H, m, Ar-H). 
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Example 27: Preparation of (l'S^UUS) and l'S,lS3S>-540-dk«^>^hy^^(2 , t3^6 , . 

trideoxy-3'trifliioraatttaim 

mHuphtho423<]-P7nn: (BCH-2026) and BCH-2020) and (I'S.IS^S)- 
SJO-dioxo-a^yl-l^'^f'-tri^^ 

3 f 4^4<M<*rabydn>4H-iiapbih^^ hydrochloride: (BCH-2Q21) 



OCH, OCH| OCHj 




OCH, 
CH,0 

OCT 

CH,0 o 

or 

O O 
NBoNHIFA 

J' 

o o o o ° o 

PNBO NmTA PNBO NmFA PNBONHjCI 

| 6 | 9 &OL222X 

o o o o 

uqNwifa . H qNHIFA 
BCH-2026 



Step 1: l-(2 T 5Hhm€ilioxyphenyl>-2-biitanol 

10 

Under argon atmosphere, 1 ,4-dimethoxybeozeae 10.0 g (72.37 nunol) was dissolved in dry THF and this 
solution was cooled to 0°C. n-BuLi (2.5 M/hexanes) 28.8 ml (72.37 mmol) was then added and the 
reaction mixture was wanned up to room temperature and stirring was left for 4 hours. After 4 hours, 
the reaction was cooled to -78°C and l t 2-epoxy butane 5.2 g (72.37 nunol) was added followed by 10.2 g 
15 (72.37 mmol) of boron trifluoro etherate. Stirring was then continued for a period of 1 hour. The 
reaction mixture was then quenched by pouring it into 125 ml of aqueous NH4CL Extractions of the 
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aquecAis layer were done ttsmgCH 2 Cl 2 . Tho combined organic layers were dried over N*2 S0 4» ^ tCK ^ 
and the solvent was removed. The crude material was purified by flash chromatography with hexanes- 
ethyl acetate (9:1) then (8:2) as the eiuent The isolated titled compound was a white solid (11.4 g, 
7596). 

5 NMR l H (250 MHz) (GDQ 3 ; ppm): 6.75 (3H, m, aromatics), 3.79 (3H> s, OCH 3 ), 3.77 (1H, m, 
H 2 «), 3.76 (3H, s, OCH 3 ), 2.85 (1H, dd, J x = 3.8 Hz, J 2 - 13.5 Hz, H ra ), 2.65 (1H, dd, Ij = 8.1 
Hz,J 2 = 13.5 Hz, H lb ), 2.16 (1H, d, J « 3.7 Hz, OH). 1.52 (2H, m, H 3 0 0.99 (3H, dd, Jj - J 2 = 
7.4Hz,-CH 3 ). 

10 Step 2: 5,*Hitme*ho%y-3^ 

Under argon atmosphere, Ibe starting material from step 1 of this example, 5.00 g (23.78 xxunol) was 
dissolved in 100 ml of dry ether. Diinethoxy methane 3.0 ml (33.90 mmol) and boron trifluoro etherate 
9.0 ml (71.35 mmol) were then added and stirring was left overnight The reaction was then quench 
15 using aqueous NaHC03. Extractions were done tismg ether and the coxnbined organic extracts were 
dried over Na 2 S0 4 , filtered and the solvent was removed. The isolated residue was then purified by 
flash chromatography ; hexanes-ethyl acetate (8:2) was used as the eiuent. The desired titled compound 
was isolated as a white solid (4.9 g; 92%). 

NMR *H (250 MHz) (CDCi 3 ; ppm): 6.63 (2H, d, J « 3.4 Hz, aromatics), 4.93 (1H, d, J - 15.9 Hz, 
20 H la ), 4.57 (1H, d, J c 15.9 Hz, H lb ), 3.78 (3H, s, OCH 3 ), 3.76 (3H, s, OCH 3 ), 3.47 (1H, m, H 3 ), 
2.74 (1H, ddd, 2.38 (1H, dd, H4b)> 1« (2H, m, -CH^ side chain) 1.03 (3H, dd, Jj - J 2 = 7.4 
Hz,-GH 3 ). 

Step 3: (l'S, 1R. 3R)-5£-du»eibox7-3^ 

25 O-p-nifcrobenisoyW^yxo 

Application of the first part of the procedure described in step 3 , example 26, 011 the isochroman 
precursor from step 2 herein resulted with the titled compound as a yellow solid; 62%. 

NMR *H (250 MHz) (Cg> 6 ; ppm): 7.72 (4H, m, aromatics), 6.48 (2H, d, J = 4.7 Hz, aromatics), 
30 6.17 (1H, s, Hi), 5.95 (1H, m, NH), 5.67 (1H, d, H4.), 5.29 (1H, d, H r ), 4.67 (1H, m, H3O, 4.26 
(1H, q, H 5 .). 4.20 (1H, m, H 3 ), 3.49 (3H, s, OCH 3 ), 3.40 (3H, s, OCH 3 ), 3.01 (1H, dd, H^, 2.52 
(1H, dd, H4b), 1.90 (1H, m, -CH 2 aide chain), 1.75 (1H, m, -CH r side chain), 1.61 (2H, m, -CH 2 - 
sugar), 1.06 (3H, d, -CH 3 sugar), 1.03 (3H, m, CH 3 side chain). 

IR (film) (cm" 1 ): 3316 (NH), 2933 (CH aliphatic), 1733 (C«0), 1707 (C=0), 1603 (C=Q, 1532 (C- 
35 N), 1259 and 1175 (C-O). 
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Step 4: (l'S, 1R, 3R)-5 t 8-dkixo-3^yM-(2'^\6 *^o^^ 

m tro bcu/oyl-I^yxohctopyraix^ 

Application of the second part of the procedure (CAN) described in step 3, example 26, on the 
5 glycosylated isochroman precursor from the previous step resulted in an 87% yield of the titled 
ffTiiijMMind 

NMR *H (250 MHz) (C^D 6 ; ppm): 7.80 (4H, m, aromatics), 6.92 (1H, Sbro^, NH), 6.08 (2H, m, 
quinone ring), 5.72 (1H, s ff Hi), 5.54 (1H, a, H4.), 5.53 (1H, s, H r ) v 4.74 (1H, m, H 3 0. 4.36 (1H, m, 
H 5 0, 3.68 (1H, m, H 3 ), 2.28 (1H, dd t Jj = 3.2 Hz, J 2 - 19.3 Hz, H^, 1.88 (2H, m, -CH 2 - sugar), 
10 1.80 (1H, dd, H^t,), 1.49 (2H, m, -CH r side chain), 1.15 (3H, d, J = 6.5 Hz, CH 3 sugar), 0.89 (3H, 
dd, Jj «= J 2 «= 7.4 Hz, -CH3 aide chain). 

Step 5: (l'S, 1R, 3R)*5 J0-diox<H3^yl-l^'3%? 

ni tro be rao yM^yxohexopy^^ pyran 

15 

The titled compound was obtained via Dtels-Alder cycloaddition b e twee n 1-acetoxylbutadiene and the 
quinone from step 4 from this example using the procedure described in step 4 from example 26. 

NMR *H (250 MHz) (CT^Cfc; ppm): 8.28 (4H, d, J - 4.3 Hz, aromatics), 8.05 (2H, m, aromatics), 
7.73 (2H, m, aromatics), 6.31 (1H, d, NH), 5.87 (1H, s, H 2 ), 5.67 (1H, s, H4O, 5.42 (1H, s, H r ), 
20 4.58 (1H, m, H 3 0, 4.42 (1H, q, J - 6.3 Hz, H 5 0, 4.05 (1H, m, H 3 ), 2.78 (1H, dd, Jj - 3.4 Hz, J 2 
= 19.5 Hz, H4«). 2.24 (1H, dd, J x = 11.3 Hz, J 2 « 19.0 Hz, H^), 2.05 (2H, m, -CH 2 - 1 70 

(2H, m, -CH r side chain), 1.18 (3H, d, J « 6.5 Hz, -CH 3 sugar), 1.05 (3H, dd, Jj = J 2 7.4 Hz, - 
CH3 side chain). 

IR (film) (cm' 1 ): 3332 (NH), 2955 and 2929 (GH aliphatic), 1740 (C-O), 1669 (C=Q t 1529 (C-N), 
25 1279 and 1180 (CO). 

Step 6: (l'S, 1R, 3R>-5 t ia^iioxo-3H^ 

lyxohexopyrftiK)6e)O f 4,5 t l^^ pyran (BGH-2026) 

30 The titled compoun d was in 64% yield from the glycoside of step 5 of this example as per procedure 
described in step 5 of example 26. 

NMR *H (250 MHz) (CD^; ppm): 8.03 (2H, m, aromatics), 7.71 (2H, m, aromatics), 6.77 (1H, d, 
NH), 5.81 (1H, s, Hi), 530 (1H, d, J « 2.8 Hz, Hj •), 4.26 (1H, m, H 3 0, 4.22 (1H, m, H5.), 4.05 
(1H, m, H 3 ), 338 (1H, d, J = 2.2 Hz, H4.), 2.76 (1H, dd, Jj = 3.5 Hz, J 2 - 19.5 Hz, 2.21 
35 (1H, ddd, J| = 0.9 Hz, J 2 « 11.0 Hz, J 3 « 19.5 Hz, H^, 2.07 (1H, s (hroad ), OH), 1.83 (2H, m, - 
CH 2 -sugar), 1.67 (2H, xn, -CH r side chain), 1.23 (3H, d, J = 6.6 Hz, -CH 3 sugar ), 1.02 (3H, dd, Jj 
» J 2 ~ 7.5 Hz, -CH3 side chain). 
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Step 7: (l'S # IS, 3S)-5^oxo-3^yl-l-(T3\^ 

mtrobemoyU^yxobex^^ 

5 To a solution of (l'S f IS, 3S>3,8Humethc*y-3^yl-l^^ 

mtro4>enzoyl4^ohexopy^^ (372 mg; 0.60 mmol) in acetonitrile (12 ml) was added a 

solution of CAN prepared by dissolving eerie amnunium nitrate (2.0 g; 3.6 mmol) in 6 ml of water and 
then slowly adding solid sodium bicarbonate (531 mg). Tbe resulting mixture was stirred at 0°C for 20 
minutes and was then quenched with saturated bicarbonate solution. The product was extracted with 
10 dichloroinethane and the combined organic layers were washed with brine and dried over NA2SO4 to give 
after evaporation the crude title compound: 

(360 mg; 100%): *H NMR (250 MHz; CDCI3) fi: 1.02 (3H, t, J - 7.5 Hz, CH2-CH3), 1.29 (3H, d, J 
~63Hx, H-6), 1.65 (2H, m, C^^)- 1.80-2.30 (3H, m, H-2' and H-4 ax), 2.60 (1H, dd, J = 3.5 
and 193 Hz, H-4 eq). 3.89 (1H, m, H-3), 4.5<M.80 (2H, m, H-3' and H-5*). 5.41 (1H, or s, H-l*) 
15 535 (1H, br a, H-4'). 5.87 (1H, s, H-l), 638 (1H, br d, J = 73 Hz, NH), 6.75 and 6.81 (2H, AB 
doublets, ArH), 8.28 (4H, br s, PNB). 

Step 8: (TS» IS, 3S>-5 f 10wlioaKO-3^yl-l-a , J\6 , -trid>o^ 

■krobeiiiDyl^^otaexo-p^ 

20 

Using the p roced ure Ascribed in step 4, example 26, the starting quinone from step 7 herein (330 mg; 
037 mmol) was treated with 1-ecetoxy-l ,3-butadiene (379 ul; 3.4 mmol) in 20 ml of toluene to afford 
after cfarom atogiap b y the title compound (165 mg; 46%). 

lR NMR (250 MHz. 8: 1.03 (3H, d, J «= 73 Hz, CH2-CH3). 130 (3H, d, J « 63 Hz, H- 

25 6'), 1.68 (2H. qn, J - 73 Hz. CHr^). 195 H ^ ( 1H * ^ J = 13 and 33 Hz, H- 

T ax), 2.29 (1H. dd, i - 113 and 193 Hz, H-4 ax), 2.76 (1H, dd, J « 33 and 19.5 Hz, H-4 eq), 3.97 
(1H, m, H-3), 435 (1H. m. W), 4.78 (1H, q, J « 63 Hz, H-5<), 5.41 (1H, br a, H-l'), 537 (1H, d, 
J = 63 Hz, H-4% 6.01 (IH, a. H-l). 6.51 (1H, br d, J = 73 Hz, -NH), 7.75 (2H, m, ArH), 8.07 (2H, 
m. Ar-H), 8.27 (4H. a. PNB). 

30 

Step 9: (TS, IS, 3S>^l(MIkiwH3^yM-^ 

lynrfiexopyranos^ (BCH-2020) 

The starting protected alcohol from step 8 herein (20 mg; .032 mmol) was treated with sodium methoxide 
35 in methanol (4.37 M, 1 Ml) in 1 ml of tBtrahydrofuran and .3 ml of methanol according to the procedure 
described in step 5, example 26, affording after chromatography (15 % acetone in benzene) die title 
compound (113 mg, 75%), M.P. 208-21 1°C. 

IR (neat): 3540, 3292, 2978, 1705, 1666, 1556, 1295, 1187, 1165 and 990 cm" 1 . 
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»H NMR (250 MHz, CD&j): 1.00 (3H, t, J = 7.5 Hz, CH 2 -CH.3), 1.35 (3H, d, J = 6.5 Hz, H^'), 
1.66 (2H, qn, J = 7.5 Hz, CB2-CH3), 1.80-2.20 (3H. m, H-2' and O-H), 2,27 (1H, dd, J = 11.0 and 
19.5 Hz. H-4 ix). 2.75 (1H, dd, J = 3.5 and 19.5 Hz. H-4 eq), 3.61 (1H, br s. H-4'), 3.96 (1H, m, H- 
3). 4.25 (1H. m, H-3'). 4.58 (1H, q, J = 6.5 Hz. H-5'). 5.40 (1H, t, J = 210 Hz, H-l'). 5.97 (1H, s, 
5 H-l), 6.77 (1H, m. N-H), 7.75 (2H, m, Ar-H), 8.05 (2H, m, Ar-H). 

Step 10: (l'S, IS, aS^SaO^axo^emyl-l-P'^'-trid^^ 

3,4^,l(Metrahydro-m-iiaphlho-{2^}-pjran (BCH-2021) 

10 To a solution of the starting protected smino-alcohol from step 9 herein (43 mg; 0.07 mmol) in 

acetonitrile (6 ml) was added dropwise .1 N sodium hydroxide (3 ml). The mixture wai stirred at 0°C 
for 30 mimtMi and tn extra 1 ml of sodium hydroxide solution was added and the resulting mixture was 
stirred for 1 hour at 0°C. It was then quenched with .1 N HQ and extracted with diduoroxnethane. The 
water layer was neutralized to pH -7 by addition of dilute sodium hydroxide. It was then extracted with 

15 dichloromethane. Tome organic extract weieadded 1^ ml of .1 NHO, 5 nu of meu^nol and25 ml of 
« %t and tiw wi^tiw r wap ftpwtfd parti'lly «■ *" nytalliminn. Since no crystallization 
orcnrod, the nohrmtB mm g Yaimrff 1 «BwpWniy —rf th« -«whw> wm dimlved in methano l f 1 mT> and 
200 nl of .1 N HQ were added followed by 25 ml of ether. A precipitate formed which was filtered and 
washed with ether yielding the erode tide compound (3.8 mg; 13%). 

20 *H NMR (250 MHz, DMSO-D6), 5: 0.97 (3H, t, J - 7.0 Hz, CH2-QI3). 1.23 (3H, d, J « 6.5 Hz, 
H-6'), 1.50-1.80 (3H, m, CH2-CH3 and H-2* eq), 1.97 (1H, m, H-2' ax), 2.23(lH,dd.J «= 11.0 and 
19.5 Hz, H-4 ax), 2.72 (1H, dd, J = 3.0 and 19.5 Hz, H-4 eq), 3.63 (1H, m, H-4'). 3.87 (1H, m, H-3), 
4.33 (1H, m. H-5'), 5.29 (1H, br s, H-l'), 5.53 (1H, m. H-3*), 5.82 (IH. s, H-l), 7.85 (2H. m, Ar-H), 
8.05 (5H. m, Ar-H and N-H). 
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Example 28: Preparation of trans-5,1* dtao-l-s**tBjnid^ 

m-naphth(K2 9 3<Hy7Taii: (BCH-2027) and 3^yl-5 9 l(MlkKO-3,4,5,l^ 
tctraoyditHlHHU^itho^t3<}-P7nn: (BCH-2154) 



OCH, 0 NHCOCH 

o 

OCT 

o 

I*' 




O NHCOCH, 



5 BCH-21S4 

Step 1: (lraiis)-l-«cctamido-5 9 8-dkixo-3-c^ 

To a solution of 5,8-dimethoxy-3^y]-isochtomaa (1.0 g; 4.5 mmol) in dichloromethane (30 ml) at 

10 loom temperature were added methanol (21 1 Ml; 5.4 mmol), 4A molecular sieves (2 g) and 2,3Kuchloro- 
5 t 6^ucysno-benzDouinofie (1.21 g; 5.4 mmol). The resulting dark mixture was stirred for 5 hours and 
was then quenched with gatw r^H NaHCOj solution. It was extracted with djchloroinethane and the 
combined organic layers were washed with bicarbonate, brine and then dried over Na^SC^ affording after 
evaporation 1.0 g of crude adduct of which 300 mg (1.19 mmol assumed) were placed in a pear-shaped 

15 flask along with acetamide (70 mg; 1.19 mmol). The solid mixture was then heated to 130 °C for 30 
wmmrtJME It was then cooled to room temperature and rtchlcromethane was added followed by pentane 
yielding a precipitate (160 mg) of which 120 mg (.43 mmol assumed) was dissolved in acetonitrile (15 
ml) and treated with a solution of CAN prepared by slowly dissolving sodium bicarbonate (384 mg) in 
water (5 ml) containing cerium ammonium nitrate (1.46 g; 2.5 mmol). The resulting mixture was stirred 

20 at room temperature for 15 ininutes and was quenched with saturated NaHCC>3 solution followed by 

extraction with diciiloromethane. The combined organic extracts were washed with brine and dried over 
Na2S0 4 to afford the titled compound as a yellow solid (125 mg; 42% overall). 
*H NMR (250 MHz, CDC1 3 ) 8: 0.99 (3H, t, J = 7.5 Hz, CH3-CH2)' l.« (2H, m, -C^" 0 ^ 2.02 
(3H t s, -CH 3 ), 2.20 (1H, m, H-4 ax ), 2.60 (lH f dd, J = 3.5 and 19.5 Hz, H-4 eq), 3.70 (1H, m, H-3), 

25 6. 12 (2H, br s, H-l and N-H), 6.73 and 6.78 (2H, AB system, Ar-H). 
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Step 2: Trans-5,10Hiioxc>-l-attta^ 
pynm 

5 To a solution of the starting quinooe tram step 1 herein (56 mg; .22 mmol) in toluene (50 ml) was added 
l-aoetoxy-l,3-biitadiene (30 |il; 11 eq). The mixture was stirred overnight at room temperature and was 
then concentrated and applied to a column of silica gel using 1-15% acetone in htnime to ehite the 
product which was then recrystallixed from dichlofomethanecpentane affording the title compound as a 
yellow solid (10 mg; 15 %). 
10 *H NMR (250 MHz, DMSO-D6), S: O.90 (3H, t, J - 7.5 Hz. CH3-CH2)' l ** m, CE2-CH3), 
1.82 (3H, s, CH 3 -C=0), 2.20 (lH f m, H-4 ax) f Z64 (1H, br d, J - 16.0 Hz, H-4 eq), 3.71 (1H, m, 
H-3), 6.17 (1H, d, J = 8.0 Hz, H-l), 7.88 (2H, m, Ar-H), 8.01 (2H t m, Ar-H), 8.78 (1H, d, J - 8.0 
Hz, N-H). 

15 Step 3: 5,8-<Iiaxo-3-ethjl-5,»^^ 

To a solution of 3-ethy 1-5 , 8-dunethoxy-isochromgn (300 mg; 1.35 mmol) in acetonitrile (10 ml) at room 
ternperature was added dropwise a solution of CAN (prepared by dissolving eerie ammonium nitrate 
(2-22 g; 4.0 mmol) in water (5 ml)). The resulting mixture was quenched with saturated bicarbonate 
solution and extracted with dichloiomethane. The combined organic layers were washed with brine and 

20 dried over Na2S04 affording the crude title compound (25 1 mg; 97 % ) which was used as such for 
subsequent steps. 

*H NMR (250 MHz, CDCI3) S: 0.97 (3H, U B 7.5 Hz, CH2-QI3). 1-60 (2H, m, -CSrGi 3 ) 9 2.10 
(1H, m, H-4), 232 (1H, m, H-4), 3.35 (1H, m, H-3), 4.30 (1H, m, H-l), 4.62 (1H, br d, J = 16 Hz, 
H-l), 6.68 (2H, m, Ar-H). 

25 

Step 4: 3^eiliyl-54ft4k>au^^ 

Following the procedure des crib ed in step 4, example 26, the starting quinone from step 3 herein (250 
mg; 1.30 mmol) and l-«cetoxy-l,3-butadiene (876 Ml; 7.8 mmol) were reacted in toluene (10 ml) to yield 

30 after chromatography using 2% ethyl acetate in toluene the title coinpound (62 mg; 20%) along with 
mixed fractions containing a lot of desired titled product (230 mg), M.P.: 98-101°C. 
IR (neat): 2963, 2938, 2876, 1658, 1636, 1593, 1337, 1299, 1176 and 698 cm' 1 . 
*H NMR (250 MHz, CDCI3) 8: 1.04 (3H, t, J = 7.5 Hz, CH3-), 1.70 (2H, m, CH2-CH3), 2.30 (1H, 
m, H-4 ax), 2.75 (1H, br d, J « 19.0 Hz, H-4 eq), 3.45 (1H, m, H-3), 430 (1H, dt, J - 4.0 and 18.5 

35 Hz, H-l), 4.86 (1H, dd, J « US and 18.5 Hz, H-l), 7.72 (2H, m, Ar-H) f 8.18 (2H, m, Ar-H). 
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Example 29: 



Preparation of (l'S,UUS) and (l*S,lS3R)-54*Hliaxo^Visop^ 
(2 , 3\€ , ^oeo^-3 , ^riniJoroaceta^ 

teftrahydro-m^iaphtho^^l^ynm: (BCH-2053) and (BCH-2052) 



OCH, OCH, I 

OCH, OCH, 



o o 

PNBO Nwn?A 



H I 




o o 




I I! 



o o 

H0 NHTFA 



BCH-2033 



I' 



O O 
p^BoKKTFA 



O O 




o o 

jjqNHTFA 



Step 1: 



3-isopropj] 



To a solution of die starting aldehyde (1.16 g; 6.44 mmol) in tetrahydrofuran (25 ml) at 0°C was added a 
10 solution of isopropyl magnesium chloride (2Mb THF; 6.4 ml; 12.88 mmol). The resulting mixture 
was stirred at 0°C for 1 hour and at room temperature for 30 minutes. It was then quenched with 
ff fl tiiratfd •i fTttwnmmti rfikiridft Holutton and extracted with ether. The combined organic layers were 
washed with brine and dried over MgSC>4 to yield a crude alcohol (1.29 g) which was dissolved in ether 
(40ml). To this solution were added dimethoxyineuiane (777 ill; 8.55 mmol) and boron trifluoride- 
15 etherate (2.02 ml; 17.1 mmol). The resulting mixture was stirred at room temperature for 20 hours and 
was then quenched with patif*** 1 sodium bicarbonate solution. It was then extracted with ether and the 
combined organic layers were washed with brine and dried over MgS0 4 . The crude product was then 
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purified by cohiam chromatography on silica gel using 20-30% ethyl acetate in hexanc as elueat to give 
the title compound (607 mg; 40% overall). 

*H NMR (CDC1 3 ) 6: LOO and 1.05 (6H, 2d, J= 7 Hz, -CH^CH^. ( 1H > = 7 Hz, CE- 

(CH^ 2.42 (IH, dd, J = 11 and 17 Hz, H-4 ax); 2.74 (IH, dm, J - 17 Hz, H-4 eq), 3.22 (1H, m, 
5 H-3), 3.76 (3H. s, OCH 3 ), 3.79 (3H, s, OCH 3 ), 4,56 (1H, dm, J = 16 Hz, H-l), 4.95 (1H, d, J «= 16 
Hz, H-l), 6.63 (2H, AB system, Ar-H). 

Step 2: (l'S, 1R, 3S) and (l'S, IS, 3R>-5,8-dk*(K^p^ 

trifluoroacetaauikMr-O-p^ 
10 tsocfaroman (40:60) 

Using the procedure described in step 3, example 26, the starting isochroman from step 1 herein (300 
mg; 1.27 mmol) afforded a crude diastereomeric mixture of glycosidated isochromans (515 mg) which 
was reacted with CAN as described in step 3 , example 26, to afford a dia s t ci eo meri c title qiunones 
15 mixture (450 mg; 59%) in a ratio of (40:60) favoring the l'S, IS, 3R isomer which were used as such for 
the next reactions. 

For minor isomer: *H NMR (250 MHz, CDQ 3 ) 5: 0.90-1.40 (9H, m, H-6' and -CH«H3)2>, 1.70- 
2.35 (4H, m, H-2\ H-4 ax and CH-CH 3 ), 2.62 (1H, m, H-4 eq), 3.80 (1H, m, H-3), 4.42 (IH, q, J = 
6.5 Hz, H-5'), 4.50-4.70 (1H, m, H-3'), 5.44 (IH, br s, H-l'), 5.63 (1H, br a, H-4'), 5.74 (1H, a, H- 
20 1), 6.32 (IH, m, N-H), 6.70-6.90 (2H, m, Ar-H), 8.30 (4H, m, PNB). 

For major isomer: 0.90-1.40 (9H, m, H-6' and atf-Qfc)^, 1.70-2.35 (4H, m, H-2', H-4 ax and Cg- 
CH 3 ), 2.62 (IH, m, H-4 eq), 3.69 (IH, m, H-3), 4.504.75 (2H, m, H-3 1 and H-5'), 5.42 (IH, br s, H- 
1'), 5.56 (IH, d, J «= 3 Hz, H-4'), 5.88 (IH, s, H-l), 6.43 (IH, br d, J «= 7.5 Hz, N-H), 6.70-6.90 
(2H, m, Ar-H), 8.30 (4H, m, PNB). 

25 

Step 3: (1'S, IS, 3R)-M0-dk)auH34U^ 

O-pHUtrobenzoylJy-lyxob^ 
pyran 

30 Using the procedure described in step 4, example 26, the starting quinooe mixture from step 2 herein 
(100 mg; .167 mmol) was treated with l-acetoxy-l,3-butadiene (112 Ml; 1 mmol) in 5 ml of toluene to 
afford the tide compound (34 mg pure + 9 mg of 1:1 mixture of diastereomers). 
*H NMR (250 MHz, CT^a^ 8: 1.01 and 1.04 (6H, 2d, J- 6.5 Hz, -CH-(CH 3 )2). 1.31 (3H, d, J = 
6.5 Hz, H-6'), 1.70-2.02 (2H, m, H-2' and QHCH 3 )2), 2.13 (IH, t d, J = 3i and 13 Hz, H-2'), 2.34 

35 (IH, dd, J « 11.5 and 19 J Hi, H-4 ax), 2.78 (IH, dd, J = 3.5 and 19.5 Hz, H-4 eq), 3.76 (IH, m, H- 
3), 4.55 (IH, m, H-3'), 4.80 (IH, q, J = 6.5 Hz, H-5'), 5.42 (IH, d, J - 2.5 Hz, H-l'), 5.58 (IH, d, J 
- 3 Hz, H-4'), 6.03 (IH, s, H-l), 6.52 (IH, br d, J » 7.5 Hz, -NH), 7.75 (2H, m, Ar-H), 8.05 (2H, 
m, Ar-H), 8.28 (4H, s, PNB). 
The second diastereomen 
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(l'S, 1R, 3S>5 , 10-dioxo-3^aopropyI-l-(2' ,3 1 ,6 '-trideoxy-3 '-tnfluoroKetamido-4' -O-p^trobenzoyl-L- 
lyxohexo-pyTanoBe)-3 ,4,5 , 10-tctr«hydtx>-lH-ii«}Atho-{2,3-c}-pyran. obtained in 16% yield, bad *H NMR 
(250 MHz, CD2CI2) 8: 0.90-1.10 (6H, m, OiKO^. 1.17 (3H, d, J = 6.5 Hz, H-6*), 1.70-2.40 
(4H, m, H-2\ CE<CH 3 }2) and H-4), 2.60-2.90 (1H, m, H-4), 3.87 (1H. m, H-3). 4.44 (1H, q, J = 6.5 
5 Hz, H-5'), 4.58 (1H, m. H-3'). 5.42 (1H, or s, H-l"), 5.69 (1H, br a, H-4'), 5.89 (1H, a, H-l), 6.40 
(1H, br d, J - 7.5 Hz, -NH), 7.75 (2H, m, Ar-H), 8.06 <2H, m, Ar-H), 8.28 (4H, m, PNB). 

Step 4: (l'S, 1R, 3S)-54»-«ax*3-isopro^ 

Ijxobaopyruiose)^^ (BCH-2053) 

10 

Using the procedure described in step 5, example 26, the starting protected alcohol from step 3 herein (11 
mg; .017 mmol) was treated with NaOMe/MeOH (4.37 M; 1 pi; .26 eq) to yield after column 
chromatography (7% acetone in benzBne) the title compound (5 mg; 59%), M.P.: 180-185°C. 
IR (neat): 3491, 3423, 3325, 2962, 2938, 1721, 1670, 1596, 1293, 1179, 982 cm' 1 . . 
15 lH NMR (250 MHz, CD^fr 1.00 and 1.01 (6H, 2d, J = 6.5 Hz, -OKCHj)^, 1.22 (3H, d, J = 
6.5 Hz, H-6'), 1.60-2.00 (4H. m, -CIHO^, H-2' and OH), 2.27 (1H. br dd. J « 11.0 and 19.5 Hz, 
H-4 ax). 2.74 (1H, dd, J - 3.5 and 19.5 Hz, H-4 eq). 3.58 (1H, d, J - US Hz, H-4'), 3.85 (1H, m, H- 
3), 4.25 (2H, m, H-3' and H-5"), 5.52 (1H, d, J = 3.0 Hz. H-l'), 5.82 (1H, a, H-l). 6.75 (1H, m, 
NH), 7.74 (2H. m, Ar-H). 8.03 (2H, m, Ar-H). 

20 

Step 5: (l'S, IS, 3R)-5,l<Wk«o-3-iso|>ropyW-<r ,3\6 

lyn>hero|>yiw)ose>-3,44.1<^ (BCH-2052) 

Using the procedure described in step S, example 26, the starting protected alcohol from step 3 herein (32 
25 mg; .0495 mmol) afforded after flash chromatography using 7% acetone in benzene as eluent, a gummy 
product which was dissolved in dichloromethane and precipitated with peotane yielding the title product 
(16mg;65S), M.P.: 212-213°C 

IR (neat): 3509, 3421, 3333, 2961, 2944, 1718, 1667, 1592, 1292, 1166 and 979 cm' 1 . 
*H NMR (250 MHz, CD^^ 0 98 100 < 6H > M ' J m 6 7 ^ -CHCCH^' 1-36 (3H, d, J - 6.5 
30 Hz, H-6'), 1.70-2.00 (4H, m, -CH(CH 3 )2, H-2' and -OH), 2.32 (1H, dd, J - 11.5 and 19.5 Hz, H-4 
ax), 2.76 (1H, dd, J = 3.5 and 19.5 Hz, H-4 eq), 3.61 (1H, br a, H-4*), 3.74 (1H, ddd, J - 3.5, 6.5 
and 11.5 Hz, H-3), 4.24 (1H, m, H-3'), 4.59 (1H, q, J - 6.5 Hz H-5'), 5.39 (1H, t, J - 2.0 Hz, H-l ), 
5.97 (1H, s, H-l), 6.77 (1H, m, NH), 7.72 (2H, m. Ar-H), 8.05 (2H, m, Ar-H). 
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Example 30: 



Preparation of (1'S,1R3S> and (l^lS^R^S^O^oxa-S-wopropenyl-l- 
(2'^%f?4rideoxy-3Mruli»r^^ 

tetrahyctoffiniaphiho^^ (BCH-2153) and (BCH-2152) and 

tram-54U-dkx^346opropa 

naphtho-{23<}-pyran: (BCH-2148) 



OCH, O 



OCH, OCH, 

CH,0 O 

I 

o o 

pUgQNHTFA 




CH,0 O 
PNgoNHTFA 



I- 



tl ij 




O O 
PNB0^ HTFA 



•I I 




o o 



0 OCH, 



i' 




o o 



Stcpl: 



5,f-cmneslMory-34Bttpropen^ 



10 



15 



To a solution of metfayithpbenylphosphooiuni bromide (2.26 g; 6.4 mmol) in ether (75 ml) at room 
temperature (not totally soluble) was added n-Buli (2*5 M in bournes; 2.03 ml; 5.1 mmol). The 
resulting mixture was stirred at room temperature for 1 hour. A solution of 5 , &-dimethoxy-3-( 1 -accthyl)- 
isochroman (1.0 g; 4.2 mmol) was then added to the yellow-orange mixture and the resulting solution 
was stirred at room temperature for 3 hours. The mixture was then quenched with NH4CI (sat) and 
extracted with ether. The combined organic layers were washed with brine and dried over Na2SC>4. The 
crude mixture was then purified by column chromatography in silica gel using 75% ethyl acetate in 
hexane as elueat to afford the title compound (541 mg; 55%). 
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lH NMR (250 MHz, CDCI3) 6: 1.86 (3H, s, «C-CH 3 ), 2.58 (1H, br dd, J « 11 and 17 Hz, H-4 ax), 
2.85 (1H, ddd, J = 1.5, 3.5 and 17 Hz, H-4 eq), 3.77 and 3.79 (6H, 2s, -O-CH3), 4.00 (1H, dd, J = 
3.5andllHz,H-3),4.66(lH,brd,J = 16 Hz, H-l), 4.93 (1H, br s, ^CHj), 4.99(lH,d,J = 16Hz, 
H-l), 5.09 (1H, br s, ^CRj), 6.62 and 6.67 (2H, 2d (AB), J « 9Hz, Ar-H). 

5 

Step 2: (tira)-5,lMktto-34so^ 
c]-pyran (BCH-2148) 

Using the procedure described in step 3, example 26, the starting uocfaroman (150 mg; .64 mxnol) and 
10 methanol (25 mg; .76 mmol) were treated with DDQ to afford a crude adduct (160 mg) which was men 
treated with CAN. Hub reaction yielded an impure erode qmnooe (91 mg) which was treated with 1- 
acetoxy-1 ,3-butadiene as described in step 4, example 26, affording after chromatographic purification 
(0-2% ethyl acetate in toluene) the title c ompou nd as 18 mg of slightly impure form and 5 mg of pure 
product (13% overall). 

15 lH NMR (CDCI3, 250 MHz) 8: 1.87 (3H, s, -C-Qfe), 2.49 (1H, dd, J - 11.5 and 19.5Hz, H-4 ax), 
2.84 (1H, dd, J = 3.5 and 19.5 Hz, H-4 eq), 3.61 (3H, s, -OCH3), 4.50 (1H, dd, J = 3.5 and 11.5 Hz, 
H-3), 5.00 (1H, s, =CH), 5.15 (1H, s, «=CH), 5.63 (1H, s, H-l), 7.75 (2H, m, Ar-H), 8.10 (2H, m, 
Ar-H). 

20 Step 3: (1% IS, 3R^5,«Miimethoxy-34soprt^ 

triftuarostictanudo^ isochranan. 

Following the procedure described in the first part of step 3 , example 26, the starting isochioman from 
step 1 herein (250 mg; 1.07 mmol) was treated with a-2,3,64rideoxy-3-trifiuoroacetamido-4-0-p- 

25 mbofaea^l-Uyxohexcpyfanoae (461 mg; 1.17 mmol) and DDQ (337 mg; 1.49 mmol) in . 

dichkm>methane (20 ml) containing 4A molecular sieves (500 mg) to yield after chromatography on silica 
gel using 25% emyl acetate mhexane with .1% trieuylamine, the title compound as a mixture with its 
(I'S, 1R, 3S) diaatemomer (1:1; 310 mg). Another fraction gave pure titled compound (131 mg; 19%). 
*H NMR (250 MHz, Cl^Cty 5: 1.22 (3H, d, J « 6.5 Hz, H-6'), 1-83 (3H, s, -C-Qfc), 1.75-2.20 

30 (2H, m, H-2 f ), 2.48 (1H, dd, J - 12 and 17.5 Hz, H-4 ax), 2.89 (1H, dd, J «= 3.5 and 17.5 Hz, H-4 
eq), 3.77 (3H, s, OCH3), 3.78 (3H, s, OCH3), 4.40-4.65 (2H, m, H-3 and H-3'), 4.73 (1H, q, J = 6.5 
Hz, H-5'), 4.92 (1H, s, -CH), 5.09 (1H, s, «=CH), 5.42 (1H, br s, H-l'), 5.57 (1H, d, J = 3 Hz, H- 
4'), 6.12 (1H, s, H-l), 6.31 (1H, brd, J «= 6 Hz, N-H), 6.73 and 6.79 (2H, AB doublets, Ar-H), 8.27 
(4H t m, PNB). 

35 The (l'S, 1R, 3S)-5,8^dimelhoxy-3-isopTopM 

mtrobenzDyl-Uyxctoo-pyranose) isochroman had l H NMR (CD2Q2* 250 MR*) & (3H, d, J = 
6.5 Hz, H-6'). 1.83 (3H, s, =C-C& 3 ), 1.90-2.20 (2H, m, H-2'), 2.39 (1H, dd, J - 12 and 17.5 Hz, H- 
4 ax), 2.89 (1H, dd, J «= 3.5 and 17.5 Hz, H-4 eq), 3.76 (3H, s, OCH3), 3.77 (3H. s, OCH 3 ), 4.35 
(1H, q, J = 6.5 Hz, H-5*), 4.5<W.70 (2H, m, H-3 and H-3'), 4.90 (1H, br b, «CH), 5.10 (1H, br s, 
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-CH), 5.38 (1H, br s, H-l')* 5.54 (1H, br s, H-4'), 5.94 (1H, s, H-l), 6.31 (1H, m, N-H), 6.71 and 
6.77 (2H f AB system, Ar-H), 8.27 (4H, m, PNB). 

Step 4: (l'S, lR, 3S)*540Hlkixon34sopnve^ 

5 4'-0-p-nitrobem»yl4^ 3,44,l<MetnmydrcHffl-caphth<K23<] 

pyres 

Using the "™ procedure as d escribed in step 6 of this example, the starting iaochraman tram step 3 
herein (80 mg; .13 mmol) afforded after CAN oxidation and Diels-Alder the title product (35 mg; 42% 

10 overall) by what lodes like aglycdne systems. 

*H NMR (250 MHz, CDa 3 ) 5: 1.17 (3H, d, J « 6.5 Hz, H-6'), 1.87 (3H, s, «=C-CH 3 ), 2.09 (2H, m, 
H-2'), 2.45 (1H, m, H-4 ax), 2.90 (1H, m, H-4 eq), 4.34 (1H, q, J - 6.5 Hz, H-5'), 4.5CM.75 (2H, m, 
H-3 and H-3'), 5.00 (1H, s, =C-H), 5.17 (1H, s, =C-H), 5.44 (1H, br s, H-l'), 5.72 (1H, s, H-4 1 ), 
5.99 (1H, s, H-l), 6.40 (1H, br d, J - 7.5 Hz, NH), 7.75 (2H, m, Ar-H), 8.10 (2H, m, Ar-H), 8.28 

15 (4H, m, PNB). 

Step 5: (TS, 1R, 3S)-5 t l(Mlkwo-34sopropoiyl-l^ , ^\^ 

I^ryxobexopyran^ 

20 Using the procedure described in step 3, example 32, the starting protected alcohol tram step 6 herein 
(slightly impure, 30 mg; .047 mmol) afforded the title compound (11 mg; 48%), M.P.: 170°C (dec). 
IR (neat): 3417, 2936, 1716, 1664, 1596, 1293, 1167 and 983 cm' 1 . 

l H NMR (250 MHz, CDCI3) 6: 1.22 (3H, d, J - 6.5 Hz, H-6'). 1.70-2.10 (3H, m, H-2' and O-H), 
1.85 (3H, s, -C-CH3), 2.41 (1H, dd, J = 11.5 and 19.5 Hz, H-4 ax), 2.89 (1H, dd, J = 3.5 and 19.5 
25 Hz, H-4 eq). 3.59 (1H, m, H-4'), 4.16 (1H, q, J = 6.5 Hz, H-5'), 4.35 (1H, m, H-3'). 4.52 (1H, dd, J 
« 3.5 and 11.5 Hz. H-3), 4.96 (1H, s, -CH), 5.13 (1H, s, -CH), 5.54 (1H, d, J = 3.5 Hz, H-l'), 
5.93 (1H, s, H-i). 6.71 (1H, br d, J « 83 Hz, -NH), 7.75 (2H, m, Ar-H), 8.10 (2H, m, ArH). 

Step 6: (1'S, IS, 3R)-540^axo-3H»mf^ 

30 ^-O-fHUtrobenwyl-^ 3,4,5,l&4etrahydro-ffi-nap^ 

pyran 

To a solution of the starting iaochraman from step 3 herein (120 mg; 0.19 mmol) in acetonitrile (4 ml) at 
0°C was added a solution of CAN (prepared by dissolving eerie ammonium nitrate (630 mg; 1. 15 mmol) 
35 in water (2 ml) and then adding slowly sodium bicarbonate (169 mg)). After the addition, the mixture 
was stirred for 10 minutes and was then quenched with saturated sodium bicarbonate solution. The 
product was extracted with dichlorarnethane and the combined organic extracts were washed with brine 
and dried over Na 2 S04 to yield a crude quincme (112 mg) which was dissolved in toluene (5 ml) and 
reacted with 1-acetoxy-l ,3-butadiene (113 Jil; 1 mmol) at room temperature for 15 hours. After this 
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time, silica gel was added and air wu bubbled through for 30 minutes. The residue was applied to a 
silica gel column and eluted with 0-5% ethyl acetate in toluene affording slightly impure title compound 
(54 mg) along with pure product (17 mg; total yield 57%)* 

*H NMR (250 MHz, CDC1 3 ) 8: 1.36 (3H, d, J = 6.5 Hz, H-6'). 1.86 (3H, s, «C-CH 3 ), 1.99 (IH, br 
5 dd, J m 5 and 12.5 Hz, H-2' eq), 2.13 (1H, td, J «= 3.5 and 12.5 Hz, H-2* ax), 2.52 (1H, dd, J = 11.5 
and 19 Hz, H-4 ax), 2.91 1H, dd, J ~ 3.5 and 19 Hz, H-4 eq), 4.48 (1H, br d, J « 11.5 Hz, H-3), 4.62 
(1H, m, H-3'), 4.84 (1H, q, J « 6.5 Hz, H-5'), 5.00 (1H, br s, «=CH), 5.14 (1H, br s, =C-H), 5.47 
(IH, br s, H-l'), 5.62 (1H, d, J -= 2.5 Hz, H-4'), 6.13 (1H, s, H-l), 6.47 (1H, br d, J - 7.5 Hz, -NH), 
7.78 (2H, m, Ar-H), 8.12 (2H, m, Ar-H), 8.29 (4H, m, PNB). 

10 

Step 7: a'S,lS,3R)-540-dMK0-34sop^ 

Wyxohexopyran«tt)-3 t 4£,10^ (BCH-21-52) 

Using the p roced u re described in step 3, example 32, the starting protected alcohol from step 6 herein (16 
15 mg; .0248 mmol) afforded the title compound (11 mg; 90%), M.P.: 102-105°C 
IR (neat): 3418, 2934, 1718, 1669, 1295, 1167, 982 and 965 cm' 1 . 

*H NMR (250 MHz. CDCI3) S: 1.42 (3H, d, J = 6.5 Hz, H-6'). 1-84 (3H, s, «C-CH 3 ), 1.86 (2H, m, 
H-2'), 1.99 (IH. d, J - 8.0 Hz, -OH), 2^1 (1H, dd, J = 1L5 and 19.5 Hz, H-4 ax), 2.89 (1H, dd, J = 
3.5 and 19 JS Hz. H-4 eq), 3.65 (IH, m, H-4*), 4.35 (1H, m, H-3 V ), 4.46 (IH, dd, J - 3.5 and 11.5 Hz, 
20 H-3), 4.63 (IH, q, J - 6.5 Hz, H-5'), 4.98 (IH, s, «CH), 5.12 (IH, s -CH), 5.43 (IH, br s, H-l f ), 
6.07 (IH. a, H-l), 6.72 (IH, m, -NH), 7.75 (2H, m, Ar-H), 8.12 (2H, m, Ar-H). 

Example 31: fttparation of (rS t lR3S>-5 t 10-diox(>^ 

tridemry^'^rifluoraafictami^ 
25 lH-os^htho-(23<}-P7nn: (BCH-2128) 



114 

SUBSTITUTE 



C 1 * C r T 



WO 94/11382 



PCT/CA93/00463 



OCK, 



CH,0 o 
PNBOWIFA 



CH,0 o 

pkboKhifa 



o O 
PNBcWIFA 



O O 




O O 



o o 

H^HTFA 



1: (1% 1R, 3S) and (TS, IS, 3R>-5,8 dunetho%y-3-iiM*n^^ 

tridco^^'-trinuoroarrfamicV^ 



10 



15 



Using the procedure described in step 2* example 32, the starting isochroman (500 mg; 1.98 mmol) 
afforded after flash chromatography (5-20% acetone in benzene cn-fining * trace of thethyhunine) the 
mixtiire of title co m po unds (490 mg; 40% (-1:1)). 

l H NMR (250 MHz, O^i) & (for l'S, 3S): 1.15 (3H, i J - 6.5 Hz, H-6'), 1.70-2.25 (2H, 
m, H-2'), 2.65 (1H, m, H-4 ax), 3.10 (1H, m, H-4 cq), 3.76-3.78 (9H, superimposed singlets, OCH 3 ). 
4.38 (1H, q,Jo 6.5 Hz, H-5 V ), 4.45-4.85 (2H, m, H-3 and H-3'), 5.41 (1H, m, H-l f ), 5.57 (1H, m, 
H-4*), 5.97 (1H, 8, H-l), 6.45 (1H, br d, J = 7.5 Hz, -NH), 6.65-6.85 (2H, m, Ar-H), 8.26 (4H, m, 
PNB); 6 (for l'S, IS, 3R): 1.22 (3H, d, J « 6.5 Hz, H-6'), 1.70-2.20 (2H, m, H-2'), 2.66 (1H, m, H- 
4 ax), 3.10 (1H, m, H-4 eq), 3.76-3.78 (9H, superimposed singlets, OGH 3 ), 4.454.85 (3H, m, H-3, H- 
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y and H-5'), 5.42 (1H, m, H-l'), 5.57 (1H, m, H-4% 6-16 (1H, s, H-l). 6.45 (1H, br d, J = 7.5 Hz, - 
N-H), 6.65-6.85 (2H, m t Ar-H), 8.26 (4H, m, PNB). 

Step 2: (l'S, 1R, 3$) and (l'S, IS, 3R)-5 9 8 dtao-3-aiethttxycarl^^ 

5 3'-trifluoroacetamidV4 , -0-p-in^^ 

To a solution of the starting iao chr om a n from step 1 herein (475 mg; 0.74 mmol) in acetonitrile (15 ml) 
at 0°C was a solution of CAN (prepared by dissolving eerie ammonium nitrate (2.42 g) in water (7 

1G ml) and thea buffering with sodium bicarbonate (652 mg) added slowly). After the addition, the mixture 
was stirred at 0°C for 15 minutes and was then quenched with saturated sodium bicarbonate solution and 
extracted with dichloromethane. The combined organic layers were washed with brine and dried over 
Na 2 S0 4 giving a erode mixture of the title quinones (422 mg; 93%) used as such for the next reaction. 
lH NMR (250 MHz, CD^ 8: 1.15 (3H, d, J - 6.5 Hz, H-6\ A*). 127 (3H, d, J « 6.5 Hz, H-6\ 

15 fi). 1.70 -2.25 (2H, m, H-2\ A«ud2H,m, H-2\ B)» "5 (1H, m, H-4 ax, A «d 1H, m, H-4 ax, fi). 
2.85 (1H, m, H-4 eq, A and 1H, m, H-4 eq, fi)> 3.76 (3H, s, OCH 3 , fi), 3.77 (3H, s, OCH 3> A). 4.34 
(1H, q, J = 6.5 Hz, H-5\ A). 4.4(M.70 (2H, m, H-3' and H-3. A «nd 3H, m, H-3\ H-3 and H-5', 1), 
5.39 (1H, m, H-l\ A*** lH,m» H-l\ B). 554 (1H, d\ J «3H, H-4\ fi), 5.57 (1H, d, J - 3Hz, H-4', 
A). 5.80 (1H, s, H-l, A). 5.95 (1H, s, H-l, fi), 6.60 (1H, m, NH, A «d 1H, m, NH, », 6.80 (2H, m, 

20 Ar-H, A md 2H, m, Ar-H, fi), 8.26 (4H, m, PNB, A «nd 4H, m, PNB, B). 
* A is (l'S, 1R, 3S) diastereomer and Bis (l'S, IS, 3R) diastereomer. 

Step 3: (l'S, 1R, 3S)-5,llMlkwo-3Hneth0xy^^ 

trifluoruacetamido^'-OiHniti^^ 
25 m^iaphtho423<}-pyraiL 

Using the procedure described in step 4, example 26, the starting quinone from step 2 herein (400 mg; 

.658 mmol of a 1:1 mix of l'S, 1R, 3S and l'S, IS, 3R) afforded pure title product (13 mg) along with a 

-1:1 mixture of (l'S, 1R, 3S) and (l'S, IS, 3R) taomerc (275 mg). 
30 lH NMR (250 MHz, CD^dj) & l.U (3H, d, J « 65 Hz, H-6'), 1.90-2.20 (2H, m, H-2'), 2.68 (1H, 

dd, J *= 115 and 19 Hz, H-4 ax), 3.08 (1H, dd, J - 4 and 19 Hz, H-4 eq), 3.80 (3H, a, OCH 3 ), 4.38 

(1H, q, J = 6.5 Hz, H-5'), 4.57 (1H, m, H-3'). 4.75 (1H, dd, J « 4 and 11.5 Hz, H-3), 5.42 (1H, or s, 

H-l'), 5.69 (1H, br s, H-4'), 5.99 (1H, s, H-l), 6.42 (1H, br d, J = 7 Hz, -NH), 7.75 (2H, m, Ar-H), 

8.08 (2H, m, Ar-H), 8.28 (4H, m, PNB). 
35 Step 4: 1R, 3S)^»10-dioxo^-methox7C 

trifluon»acetamido-L4y^^ 
pyrano (BCH-2128) 
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Using tfae procedure described is step 5, example 26, the starting protected alcohol from step 3 herein (12 
mg; 0.018 mmol) afforded after column chromatography (10% acetone in dichloromethane), the title 
compound (5 mg; 54 %)as a yellow solid. M.P. 92-105°C. 

! H NMR (250 MHz, CD^Cty 6: 1.22 (3H, d, J = 6.5 Hz, H-6'). 1.55 (1H, br s, OH), 1.70-2.00 (2H, 
5 m, H-2*), 2.66 (1H, dd, J «= 12-0 and 19.0 Hz. H-4 ax), 3.06 (1H, dd, J — 4.0 and 19.0 Hz, H-4 eq), 
3.59 (1H, br a, H-T). 3.79 (3H. a, .CO2CH3), 4.17 (1H, q, J - 6.5 Hz, H-5'), 4.28 (1H, m, H-3'), 
4.73 (1H, dd, J = 4.0 and 11.5 Hz, H-3), 5.52 (1H, br a, H-l'), 5.92 (1H, 8, H-l), 6.75 (1H, m, -NH), 
7.75 (2H, m, Ar-H), 8.05 (2H, m, Ar-H). 
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Example 32: Preparation of (rS,lIUSHsopropyHM©^a^^ 

trinuoraacsctamtdo^yxota 
[2>cJ-pyranyI]-k£tone: (BCH-2112) 




5 W313II2 

Step 1: te>pTopyH5,ft-dimetlio^ 

To a solution of the starting ester (1.0 g; 3.97 mmoQ in tetrahydrofuran (30 ml) at 0°C was added 
10 isopropyl magnesium cfalohde (2M, 4. 17 mmol). The mixture was stirred at 0°C for 20 minutes and at 
room temperature for 1 hour. It was men quenched with sstwratfid ammonium chloride solution and 
r s T retfd *¥ith The combined organic layers were washed with brine and dried over 

MgS0 4 to afford after evaporation, the title compound (240 mg; 23% (40% based on S.M. recovered)). 
*H NMR (250 MHz, CDCI3) S: 1.13 (3H, d, J ■= 6.5 Hz, Cfe^H)* !•» (3H, d, J = 6.5 Hz, CH 3 " 
15 CH), 2.59 (1H, br dd, J « 11.5 and 17 Hz, H-4 ax), 3.04 (1H, dm, J « 17 Hz, H-4 eq), 3.17 (1H, m, 
QI-CH3), 3.76 (3H, s, OCH3), 3.78 (6H, s, OCH 3 ), 4.17 (1H, dd, J = 3.5 and 11.5 Hz, H-3), 4.64 
(1H, br d, J = 16 Hz, H-l), 5.03 (1H, d, J - 16 Hz, H-l), 6.65 (2H, AB system, Ar-H). 
5,8-dime4hoxy-3-isopTopoxycar^ was obtained as a by-product resulting from oxidation 

of the Grignard reagent. 

20 *H NMR (250 MHz, CDCI3) 0: 1.29 (3H, d, J « 6Hz, CH3-CH), 1.30 (3H, d, J = 6 Hz, QH3-CH), 
2.74 (1H, br dd, J = 1 1 and 17 Hz, H-4 ax), 3.05 (1H, dm, J ~ 17 Hz, H-4 eq), 3.75 (3H, s, OCH 3 ), 



118 

SUBSTITUTE SHEET 



WO 94/11382 



PCT/CA93/00463 



3.78 (3H, a, OCH 3 ), 4.19 (1H, dd, J - 4 and 11 Hz, H-3), 4.65 (1H, br d, J « 16 Hz, H-l), 5.04 (1H, 
d, J « 16 Hz, H-l), 5.15 (1H, sept., J « 6 Hz, QI-CH3), 6.64 (2H, AB system, Ar-H). 

Step 2: (l'S, 1R, 3SHsoprt*yH 

5 mtrobemoyl^-ryxobexopy^^ 
P3<H>yranyll-ketooe 

To a solution of a^^^'Hrideoxy-S'-trifhioroeee (408 
mg; 1.04 mmol) and starting ketone from step 1 herein (230 mg; 0.87 mmol) in dichloiamethane (15 

10 ml), were added 4A molecular stevee (400 mg) and 23-did&m>-5.6^cyano4ww (270 mg; 1.2 

mmol). The mixture was stirred at room temperature for 14 hours and was then quenched with saturated 
KiftMfrn««t» gohrtkm md gx t ractwf <itehl« mmrthanft . The combined organic layers were washed with 
brine and dried over N«2^04 to afford a crude adduct (590 mg) which was dissolved in acetonitrile (20 
ml) at 0°C and treated dropwise with a solution of eerie ammonium nitrate (3.15 g; 5.7 mmol) in water 

15 (10 ml) sodium bicarbonate (847 mg). Alter the addition, the mixture was stirred si 0°C for 

15 minutes and was «p— with M hlf,tw<< NaHC03 and extracted with mchloromethane. The 
combined organic layers were washed with brine and dried over Na^C^ to afford a crude quinose 
mixture (557 mg) of which 100 mg (.16 mmol) were dissolved in toluene (6 ml) and treated with 1* 
acctoxy-l,34wrtadiene (113 ul; 1 mmol) at room t emperatu re for 14 hours. Silica gel was added to the 

20 mixture and air was babbled through for 1 hour while toluene partly evaporated. The residue was applied 
to a column of silica gel and etuted with 0-10% ethyl acetate in toluene affording the title compound (20 
mg) slightly rml s ra i n a twl by its (IS, 3R) diastereomer (-3: 1). 

*H NMR (250 MHz, CDO3) S: 1.00-1.30 (9H, m, H-6* and CHKQB^)* 1-60-2.40 (2H, m, H-2*), 
2.52 (1H. m. R4 ax), 3.00-3.35 (2H, m, H-4 eq and CHKO^. 4.32 (1H, q, J = 6.5 Hz, H-5'), 
25 430-4.90 (2H, ax H-J and H-3'), 5.44 (1H, br s, H-l'), 5.75 (1H, br s, H-4'), 6.06 (1H, s, H-l), 6.49 
(lH,hrd. J - 7 J Hz, -NH), 7.78 (2H, m, Ar-H), 8.07 (2H, m, Ar-H), 8.27 (4H, m, PNB), apparent 
signals for (IS. IE) itiaani ■ are: 6.22 (1H, s, H-l) and 6.58 (1H, br 0% J « 7.5 Hz, NH). 

Step 3: (l'S. UL 3S>-«pn>i»yW^ 

30 IjiaasiiiiMjraiirwf^l^ttox^^ 
ketone (BCH4112) 

To a solution of starting protected alcohol from step 2 herein (20 mg; 0.0296 mmol) in methanol (.3 ml): 
tetrahydrofuran (1 ml) at 0°C was added sodium methoxide in methanol (4.37 M; .7 Ml; .1 eq). The 
35 mixture was stirred at 0°C for 20 minutes and was then quenched with saturated NH4CI solution and was 
extracted with d^chloromethane. The combined organic layers were washed with brine and dried over 
Na2SC>4 to afford a crude residue which was purified by column chromatography on silica gel using 10% 
acetone in benzene yielding the titled compound (6.4 mg; 63%). 
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*H NMR (CD2a 2 . 250 MHz), 5: 1.11 (6H, d, J = 6.5 Hz, -OHCIfc)^. U2D d ' J " 6S 
H-6*), 1.65 (1H; s, OH), 1.75-2.05 (2H, m, H-2'), 2.48 (1H, dd. J - 11.5 and 19.5 Hz, H-4 ax), 3.01 
(1H, dd, J - 4.0 and 19.5 Hz, H-4 eq), 3.15 (1H, sept., J ■ 6.5 Hz, CB.<CU 3 )2), 3.58 (1H, d, J = 
2.5 Hz, H-4'), 4.10 (1H, q, J - 7.0 Hz, H-5*), 4.28 (1H, m, H-3'), 4.68 (1H, dd, J - 4.0 and 11.5 
5 Hz, H-3). 5.55 (1H, d, J - 3.5 Hz, H-l'), 5.97 (1H, 8, H-l), 6.72 (1H, m, N-H), 7.75 (2H, m, Ar-H), 
8.05 (2H, m, Ar-H). 

Example 33: Preparation of (1'S.IS^R) and (l'S,lIUS>-5,l(MiiOTO-3- 

■wpn^iaxycarlionyM-fl'^tf 
10 lyximcBopyfanose)J,4Al^^ 

(BCH-2122) and (BCH-2121) 




15 Step 1: (l'S, 1R, 3S), and (l'S, IS, SR^l^^o-^-^pr Dp ooiyca r b ony l-l-a'^'^ 1 - 

IriAtmj-V 1 tT^ir^1M^f' M; '*^'- / ^-r-"'*^ A *** T "y 1 - 1 .Jy«nli»^yi»i«>M)-S,4,S, 1 ft. 

tetrahydYo-lH^iaphtho-P^J-pynui 

Using the procedure described in step 2, example 32, the starting i s oc hron al from step 1, example 32, 
20 (300 mg; 1.07 mmol) afforded a crude glycosylated adduct (417 mg) which was treated with CAN to give 
a crude quinone mixture (355 mg) of which 250 mg were reacted with aeetoxybutsdiene. This reaction 
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yielded a slightly impure mixture of the title compounds (113 mg; 15% overall) (-55:45) favoring the 
(l'S, 1R, 3S) isomer. 

l H NMR (250 MHz, CDCI3) 5: (for l'S, 1R, 3S); 1.15-1.42 (9H, m, H-6' and OHQfe)^, 
2.20 (2H, m, H-2 f ), 2.68 (1H, dd, J = 12 and 19 Hz, H-4 ax), 3.12 (1H, m, H^4 eq), 4.40 (1H, q, J = 
5 6.5 Hz, H-5 1 ), 4.5CM.80 (2H, m, H-3 and H-3'), 5.18 (1H, m, QHCH 3 )2), 5.44 (1H, br e, H-l'), 
5.74 (1H, br a. H-4 1 ), 6.03 (lH t a, H-l) t 6.55 (1H, br d, J = 7.5 Hz, N-H), 7.77 (2H, m, Ar-H), 8.11 
(2H, m, ArH), 8.27 (4H, m, PNB); (for l'S, IS, 3R): 1,15-1.42 (9H, m, H-6' and OKQfe)^ 
2.20 (2H, m, H-2'), 2.69 (1H, dd, J = 12 and 19 Hz, H-4 ax), 3.12 (1H, m, H-4 eq), 4.50-4.80 (3H, 
m, H-3, H-3' and H-5'), 5.18 (1H, m, qH(CH 3 )2), 5.45 (1H, br a, H-l') f 5.65 (1H, d, J - 3 Hz, H- 
10 3% 6.18 (1H, s, H-l), 6.61 (1H, brd, J «= 7.5 Hz, -NH), 7.77 (2H, m, Ar-H), 8.11 (2H, m, Ar-H), 
8.27 (4H, m, PNB). 

U'S, lR,3S>-54<Mliaxo^^ 
trifhioroaGetajnid^hU 
pyran (BCH-2122) 

Using the procedure described in step 3, example 32, the starting protected alcohol from step 1 herein 
(113 mg; .16 mmol) afforded (after multiple chromatographic separations using 10% acetone in benzene 
or in dichloromethane) the pure title compound (7 mg; 8%). M.P.: 93-101°C. 

. 20 *H NMR (CDQ 3 ) S: 1.29 and 1.33 (6H, 2d, J = 6.5 Hz, -GHKQisfe), 1.33 (3H, d, J = 6.5 Hz, H- 
6')> 1.70-2.10 (3H, m, H-2' and O-H), 2.68 (1H, dd, J «= 11.5 and 19*5 Hz, H-4 ax), 3.11 (1H, dd, J 
= 4.0 and 19.5 Hz, H-4 eq), 3.65 (1H, m, H-4'), 4.21 (1H, q, J = 6.5 Hz, H-5'), 4.38 (1H, m, H-3'), 
4.66 (1H, dd, J 4.0 and 11.5 Hz, H-3), 5.18 (1H, sept, J = 6.5 Hz, CQKCH^ 5.56 (1H, br s, H- 
1'), 5.98 (1H, s, H-l), 6.72 (1H, m, NQ), 7.75 (2H, m, Ar-H), 8.10 (2H, m, Ar-H). 

25 (1'S, IS, 3R)-5,104foxo-3-isopropc«yw 

lyxohexof>ymose)-3,4,5,10-te^ (BCH-2121) was isolated after 

multiple chromatographic separations (5 ing; 6%). M.P.: 155°C(dec). 

l R NMR (CDGI3) 6: 1.32 (6H, d, J - 6.5 Hz. CR-iCR^). 1.41 (3H, d, J - 6.5 Hz, H-6'), 1.87 
(2H, m, H-2'), 2.05 (1H, m, OH), 2.70 (1H, dd, J - 12.0 and 19.5 Hz, H-4 ax), 3.10 (1H, dd, J = 4.0 
30 and 19.5 Hz, H-4 eq), 3.63 (1H, m, H-4 V ), 4.32 (1H, m, H-3'), 435 (1H, q, J « 6.5 Hz, H-5'), 4.62 
(1H, dd, J b 4.0 and 12.0 Hz, H-3), 5.16 (1H, sept, J - 6.5 Hz, CftiCR^), 5.47 (1H, br s, H-l') t 
6.14 (1H, s, H-l), 6.75 (1H, m, N-H), 7.75 (2H, m, Ar-H), 8.12 (2H, m, Ar-H). 



Step 2: 

15 
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Example 34: 



Preparation of (l^lS^SJO-dkooO^-d™^ 
trideo^-^-trifluotoacetairitt^ 
isochnnian (BCH-1697) 



a* OMd 



OKfe O 




NKTFA 
GTNB 



. OMd 
OKfc 



o o 



Hi 




KHTFA 
OPNB 




Stepl: 



5tMuneiliaxy-3,3 bis (difaydnncymetfaylHsodinniaii 



Under ergon atmosphere, 110 mg (2.90 mmol) of LAH were added to 15 ml of dry THF, previously 
10 cooled to 0°C. To this solution was added 0.450 g (1.45 mmol) of 5,Mimethoxy-3,34ris 

(O Kaib o i ncu^xy)-iBOchroman dissolved in 15 ml of THF. The temperature was allowed to warm up to 
room temperature, and stirring was continued for 3 hours. After that time, another 160 mg (4.22 mmol) 
of LAH was then added and the reaction mixture was stirred for another hour. After mat time, the 
reaction mixture was poured into 50 ml of a 0.1 N aqueous solution of HQ. Extractions of the aqueous 
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layer are done using CH2Q2* *n» cofmhtned organic layers are dried over Na^SO^j, filtered, and the 
solvent is removed. The isolated titled compound is used without further purification (0.333 g; 90%). 
NMR *H (250 MHz) (CDCi 3 :ppm): 6.64 (2H, 2d, aromatics); 4.80 (2H, s, H la - H lb ); 3.76 (6H, s, 
2xOCH 3 ); 3.71 (4H, m, 2-CH 2 -); 2.53 (2H, s, 2xOH); 1.85 (2H, m, H^-H^. 

5 

Step 2: 5,8- diro c ih nxy-3,3 bis (^^^^wywr^hyi^Ui^^ww^n 

Under argon atmosphere, 0.333 g (1.31 mmol) of the starting material from step 1 herein were placed in 
70 ml of dry THF. To this solution were then added 0.105 g (2.62 mmol) of NaH. After a few minutes 

10 of stirring, 0.41 ml (6.55 mmol) of Mel were added to the reaction mixture and stirring was left for 1.5 
hour. Ate that time, another 0.145 g of NaH and 0.7 ml of Mel were added to the reaction which was 
completed after another hour of stirring. Aqueous HQ (0.1 N) was men added and extractions were 
done using CH2CI2. The combined organic extracts were washed with an aqueous solution of sodium 
bicarbonate, dried over Na2S04, filtered, and the solvent was removed. The obtained tided compound 

15 was used for next step without further purification- Isolated product (0.470 g; >99%). 

NMR *H (250 MHz) (CDC^ippm): 7.26 (2H, 2d, aromatics); 4.74 (2H, ft, H la -H lb ); 3.76 (6H, 2s f 
2xOCH 3 ); 3.54 (2H, d, J = 9.7 Hz, -GH r ridc *""fc 3 41 (2H, d, J ~ 9.7 Hz, -GH r side chain); 
3.38 (6H, s, 2XOCH3); 2.64 (2H, s, Ofe-B^). 

IR (film) (cm" 1 ) 2925 (CH aliphatic), 1580 (C=C), 1475 (CH2). 1450 and 1360 (CH 3 ), 1100 and 1248 
20 (CO). 

Step 3: (l'S, lS)-5,&-*lhiie4h^ 

trifluoroacetaniido^'-OiHii^^ 

25 Under argon atmosphere, the following reagents: product from step 2 herein, 0.477 g (1.70. mmol), 

23»6-trideoxy-3-trifluoroaceta^ 0.378 g (2.00 mmol) and 

DDQ 0.452 g (2.00 mmol) were dissolved in 50 ml of mchloromethane. The reaction mixture was 
stirred at room temperature for a period of 16 hours. After that time, an excess of DDQ was then added 
to the reaction mixture and stirring was left for another hour. The reaction mixture was then quenched 

30 with aquous NH4Q and extractions of the aqueous layer was done using CH2Q2* The combined organic 
layers were dried over NS2SO4, filtered and the solvent was removed. The crude material was purified 
by flash chromatography; eluentihexanes-ethyl acetate (70:30) then (60:40). The obtained titled 
compound was a pale yellow solid (0.434 g; 39%). 

NMR *H (250 MHz) (C5D5; ppm): 7.89 (2H, m, aromatics), 7.68 (2H, m, aromatics), 6.53 (2H, m, 
35 aromatics), 6.52 (1H, NH), 6.08 (1H, s, Hj), 5.62 (1H, s, H r ), 4.70 (1H, m, H 5 0, 4.60 (1H, m, 
H 3 0, 3.82 (2H, m, GH 2 -OMe), 3.74 (1H, m, H4O. 3.55 (2H, m, CH^Me), 3.48 and 3.42 (6H, 2s, 
2xOCH 3 ), 3.40 (2H, m, H 2 * fl and H 2 'b>> 3.18 «** 3.11 (6H, 2s, 2xOCH 3 ), 2.13 (1H, m, 1.86 
(1H, m, H^, 1.21 (3H, d, J - 6.2 Hz, CH 3 sugar). 
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Step 4: d'S 9 lS)-5 f Wioxo^3Hiiineihox^ 

4 , -0-pHaftrobenzoyI-LJyxota 

The starting material from step 3 herein, 0.430 g (0.65 mmol), was dissolved in aoetonitrile at 0°C. A 
5 solution of NaHC03 0.107 g (1.30 mmol) in 7 ml of water was then added and the solution was stirred 
for 10 minutes. After that time, 1.053 g (1.95 mmol) of CAN diluted in 12 ml of water were then added 
to the reaction mixture in a dropwise manner. The reaction was complete after 10 minutes. Avery 
diluted solution of NaHCOj in water was then added to the reaction mixture. Extractions of the reaction 
mixture were done uaingGE^G^- The combined organic layers are dried over N^SC^, filtered and the 
10 sol vent was removed. Tne titled compound was used for next step without furto purification, (0.387 g; 
95%). 

NMR 1 H(250KfHz)(C 6 D 6 ;ppm): 7.94 (2H, d, J -= 7.5 Hz, aromatics), 7.75 (2H, d, J = 7.5Hz, 
aromatks), 7.42 (1H, m, NH), 6.20 (2H f m, quinone ring), 5.98 (1H, s, Hj), 5.92 (1H, s, H r ), 5.41 
(1H, s, H40, 4.90 (1H, q, H 5 0, 4.67 (1H, m, %), 3.47 (2H, CHyOMe), 3.29 (2H, CH 2 -OMe), 3.16 
15 (3H. s, OCH3), 3.11 (38» a, OGH3), W0 (2H, 2d, H 2 v H rb ), 2.22 (1H, m, H^), 1.97 (1H, m, 
H^, 1*27 (3H, d, J «= 6.3 Hz, -CH3 sugar). 

Step 5: (VSy lS)-5,l(Mhoxo-3 r 3-din^^ 

trifluorastfttanudV^'-O-o^ 
20 mHtaphtho-(23<] pyran 

Under argon •*vr-rb~r* , 0. 173 g (0.27 mmol) of the product from step 4 herein was dissolved in 10 ml 
of dry toluene. To this solution was added 0.2 ml (1.65 mmol) of l-acetoxy-l,3-bmariirne. The reaction 
mixture was left tit-ring overnight at room temperature. . Silica gel was then added to the reaction mixture 
25 and air was bubbled in it for a period of 2 hours. Whitout removing the solvent, the reaction mixture 
was put on top of a silica gel column and toluene was used as the first efoent Toluene-ethyl acetate (1:1) 
was then used to elute the desired compound The titled compound was isolated (0.06 g, 32%) as a 
yellow solid. 

NMR *H (250 MHz) (GD2CI2; Pfnn): 8 29 (4H, m, axomancs), 8.07 (2H, m, aromatics), 7.76 (2H, m, 
30 aromatics), 6.45 (1H, d, NH), 6.05 (1H, s, H^. 5.70 (1H, s, H r ). 5.43 (1H, s, H 3 0. 4.82 (1H, m, 
H 5 0, 4.52 (1H, m, H4O. 3.27-3.52 (4H, m» 2x-CH r chains), 3.35 (3H, s, OCH3), 3.27 (3H, s, 
OCH3), 2.72 (2H, 2d overlapped, H^ and H^, 1.87-2.18 (2H, m, -CH r sugar), 1.28 (3H, d, J «= 
6.5 Hz, -CH3 sugar). 

35 Step 6: (1'S, lS)*540^oxo-33^eth(ixymethyl-l-^ 

triflucinncetsjnibM'-OiMU (BCH- 
107) 
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Under argon atmosphere, the product from step 5 herein, 0.06 g (0:09 mmol) was dissolved in a mixture 
of 5 ml of dry methanol and 2 ml of dry THF. This solution was cooled to 0°C. 2 Ul of a 4.37 M 
solution of sodium metboxide in methanol were then added to the reaction mixture. The reaction was 
completed in 10 minutes, it was then quenched by adding aqueous NH4CI. Extractions of the aqueous 
5 layer was done using dichloromethane. The combined organic layers were dried over N^SO^ filtered 
and the solvem was removed. The crude material was then purified by flash chromatography, 
eluentrethyl acettte^chloroineihane (35:75). The isolated titled confound was a yellow solid (0.03 g, 
67*). 

NMR 1 H (250 MHz) (CDCI3; pom): 8.05 (2H, m, aromatics), 7.74 (2H, m, aromatics), 6.81 (1H, d, 
10 NH), 6.00 (1H, a, H^, 5.49 (lH t d, J = 2.8 Hz, H r ). 4.58 (1H, q, H 5 0. 4.23 (1H, m. H4O. 3.60 
(1H, d, J >= 2.3 Hz, H 3 0. 3.45 (2H, m, -CH 2 -(OMe)), 3.37 (2H, m, -CH 2 -(OMe)), 3.34 (3H, s, 
OCH3), 3.25 (3H, a, OCH3), 2.71 (2H, d, J «= 3.5 Hz, and H^, 2.09 (1H, Qaotff. OH), 1.79 
(2H, m, -CH r sugar), 1.32 (3H, d, J » 6.6 Hz, -CH3 sugar). 

IR (film) (cm" 1 ): 3450 (OH bonded), 2950 (CH aliphatic), 1675 (C=Q, 1000 and 1290 (C-O). 
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Preparation of (1%1R,4R)-5,10-*o*h4^M^ 

trifluoroaatami^ 

P^cl pyran (BCH-2091) 




Step 1: methyl-2^ f 4 v -dimelhoxyphaiy0 butanoate 

Under ergon atmosphere, 3*08 ml (26.16 mmol) of disoprcpylamine was added to 85 ml ofTHF 
10 precooled to 0°C. n-BuLi 10.5 ml (26.16 mmol) wis then added to this solution and this mixture was 
then stirred for 30 minutes. After that time, the reaction mixture was cooled to -78°C and the ester 5.00 
g (23.78 mmol), 208*186-01 in 65 ml ofTHF was then added dropwise. After the addition, the mixture 
was stirred for 5 minutes before HMPA 4.55 ml (26.16 mmol) was added. After another 10 minutes of 
stirring following the last addition, ethyliodide 5.0 ml (47 .56 mmol) was then added to the reaction 
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mixture. The reaction mixture wis then stirred for 30 w»i™it*g before removal of the dry ice-acetone bath 
to allow the temperature to retch room temperature and the reaction was monitored by TLC. The 
reaction mixture was left stirring at room temperature for 15 hours. The reaction mixture was then 
quenched by adding aqueous NH4CI and extracting with ether. The combined organic layers were 
5 washed with brine, dried over Na2S04, filtered and the solvent was removed. The crude was purified by 
flash chromatography using hexanes-ethyl acetate as eluent; 3.36 g of pure titled compound as a white 
solid were obtained. 

NMR *H (250 MHz) (CDC1 3 ; ppm): 6.84 (1H, m, aromatic), 6.76 (2H, m, aromatics), 3.90 (1H, t, J 
= 7.6 Hz, H 3 ), 3.77 (3H, a. OCH3), 3.75 (3H, s, OCH3), 3.64 (3H, s, (CC>2>CH3), 2.03 (1H, m, 
10 H 3a ), 1.72 (1H, m, H 3l i), 0.88 (3H, t, J - 7.3 Hz, -CH 3 terminal). 
Step 2: ^'^-duiiethoxyph^ 

Under argon atmosphere, the product from step 1 herein, 3.36 g (14.08 mmol) was dissolved in 100 ml 
of dichlorometfaane. This solution was cooled to 0°C and DIBAL-H, 31.0 ml (30.98 mmol) was added in 
15 a dropwise manner. The reaction was complete after 20 minutes so HQ IN was men added to the 
reaction cultu re and extractions were done using dichloromethane. The combined organic layers were 
dried over Na^SO^ filtered, and the solvent was removed. The isolated titled tmynmA was used for 
next step without furhter purification. 

NMR *H (250 MHz) (CDCI3; ppm): 6.76 (3H, m, aromatics), 3.77 (3H 9 a, OCH3). 3.76 (3H, a, 
20 OCH3), 3.75 (2H, m, H la end H lb ), 3.19 (1H, m, 1.74 (2H, m, H^ and H 3b ), 1.51 (1H, t, J = 
6.2 Hz, OH), 0.85 (3H, t, J = 7.4 Hz, -€H 3 terminal). 

Step 3: 5,8 raw t\mny 4 t Ihyl-tsocfaroman 

25 Under argon aaaoapfcere, the product from step 2 herein* 2.74 g (13.03 mmol) was dissolved in 55 ml of 
dry ether. Diefaniy methane 1.65 ml (19.55 mmol) and boron trifluoro etherate 4.9 ml (39.09 mmol) 
were then added Id dais anrntion The obtained reaction mixture was left stirring overnight. The reaction 
mixture was (jnn a rh e ri ating aqueous NaHC03 and extractions were done using ether. Thecoinbined 
organic extracts were dried over N^SO^ filtered, and the solvent was removed. The residue was 

30 purified by flash chrcauaiogiaphy using hexanes-ethyl acetate (80:20) and (70:30) as eluent The isolated 
tided product was a white solid (1.56 g; 54%). 

NMR l H (250 MHz) (CDCI3; ppm): 6.64 (2H, m, aromatics), 4.85 (1H, d, J «■ 16.1 Hz, H la ), 4.55 
(1H, d, J « 16.0 Hz, H lb ), 4.09 (1H, d, J « 11.3 Hz, H 3a ), 3.79 (3H, s f OCH 3 ), 3.75 (3H, s, 
OCH 3 ) f 3.58 (1H, dd. Jj = 2.7 Hz, J 2 = 114 Hz, H 3b ), 2.62 (1H, m, H4), 1-67 (2H, m, -CH 2 " 
35 ethyl), 1.01 (3H, t, J = 7.5 Hz, -CH 3 ). 

Step 4: (1 V S V 1R, 4R)-5,e^lmiethoxy-^^ 

O-p^trobenzoylUyxoh^^ 
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The titled compound was obtained by applying the procedure from step 3, example 34, to die isochromsn 
from step 3 herein* 

NMR *H (250 MHz) (C^; ppm): 7.81 (2H,d, J = 8.8 Hz, aromatics), 7.65 (2H, d, J = 8.9 Hz, 
5 aroniaucs), 6.48 (2H, dd f J^ 9.0 Hz, J 2 = 18.1 Hz, arwnitics), 6.35 (1H, s, Hj), 6.26 (1H, d, J = 
6.9 Hz, NH), 5.81 (1H, s, H|0- 5.52 (1H, 8, H 3 «), 4.75 (1H, q, H5«)t 4.58 (1H, m, H4O. 4.24 (1H, 
dd, J| m 2.9 Hz, J 2 = 11.4 Hz, H 3t ), 3.88 (1H, d, J « 11,.4 Hz, H 3b ), 3.38 (3H, 8, OCH 3 ), 3.37 
(3H, 8, OCH 3 ), 2.84 (1H, m, H4), 1.89 (2H, m, -CH 2 - W)» 1.85-1.55 (2H, m, -CH r side cfaaiii), 
1. 18 (3H, d, J = 6.6 Hz, -CH 3 sugar), 1.05 (3H, t, J - 7.3 Hz, -CH 3 side chain). 
10 (1'S, IS, 4S)-5 f 8-dui»sd*JX^ 
lyxohexo-pyiaaoseHsocfa^ 

NMR *H (250 MHz) (C^; PP") 1 7 - 81 <2H, d, J « 8.7 Hz, aromatics), 7.61 (2H, d, J - 8.7 Hz, 
aromstics), 6.54 (2H, m, aromatics), 6.55 (1H, NH), 6.09 (1H, 8, Hj), 5.69 (1H, s, HjO, 5.45 (1H, s, 
H 3 0, 4.72 (1H, m, H4.), 4.32 (1H, m, H 5 0, 4.26 (1H, dd, l t - 2.9 Hz, J 2 « 11.4 Hz, H 3a ), 3.89 
15 (1H, d, J ~ 11.2 Hz, H 3b ), 3.45 (3H, s, OCH 3 ), 3.39 (3H, 8. OGH 3 ), 2.80 (1H, m, H4), 1.88 (2H, m, 
-CH r sugar), 1.82 (2H, m, «CH r side chain), 1. 12 (3H, d, J - 6.4 Hz, CH 3 sugar), 1.04 (3H, t, J «= 
7.4 Hz, -CH3 side chain). 

Step 5: (l'S, 1R, 4R)-5,8*d^o-4-ethyM^ 

20 nitrobcmoyl-L-*yxohei opyranoseHsochronian 

The (1'S,1R,4R) glycoside from step 4 herein was ozidatively demethylated as per procedure described in 
step 4, example 34. The titled compound had: 

NMR *H (250 MHz) (C^; ppm): 7.80 (2H, d, J = 8.9 Hz, aromatics), 7.62 (2H, d, J = 8.8 Hz, 
25 aromancs), 6.89 (1H, d, J « 6.9 Hz, NH), 6.04 (2H, dd, J x = 10.1 Hz, J 2 «= 18.3 Hz, quinone ring), 
5.87 (1H, s. Hi), 5.63 (1H, a, H r ), 5.16 (1H, s, H 3 <), 4.80 (1H, q, I ~ 6.5 Hz, H5.). 4.56 (1H, m 
H40, 3.75 (1H, dd, Ji - 3.0 Hz, J 2 - 11.6 Hz, H^, 3.54 (1H, d, J = 11.5 Hz, H 3l> ), 2.25 (1H, m, 
H4), 1.89 (2H, m, -CH r sugar), 1.47 (2H, m, -CH r side chain), 1.27 (3H, d, J - 6.5 Hz, -CH 3 
sugar), 0.86 (3H, t, J « 7.3 Hz, -CH 3 side chain). 

30 

Step 6: (l'S. 1R, 4R)-5,KWio*o^^ 

mtrobtmoyU^olm 

The titled compound was obtained in 19 % yield following cyctoad&non between the quinone from step 5 
35 herein and 1-acetoxybutadiene, as per procedure as described in step 5, example 34. 

NMR *H (250 MHz) (C$D 6 ; ppm): 8.02 (2H, m, aromatics), 7.77 (2H, d, J «= 8.9 Hz, aromatics), 
7.63 (2H, d, J « 8.9 Hz, aromatics), 6.02 (2H, m, aromatics), 6.53 (1H, d, NH), 6.11 (1H, s, H|), 
5.67 (1H, d, H r ), 4.97 (1H, s, Hy), 4.95 (1H, m, H4O, 4.49 (1H, m, H 5 0. 3.83 (1H, dd, H 3a ), 3.60 
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(1H, d, J = 11.4 Hz, H 3b ), 2-50 (1H, m, H4), 1.95 and 1.72 (2H, 2dd, -CH r tide chain), 1.58 (2H, 
m, -CH r sugar), 1.31 (3H, d, J = 6.4 Hz, -CH 3 sugar), 0.92 (3H t t, J ~ 7 # 3 Hz, -CH 3 side chain). 

Step 7: (1'S, 1R, 4R)-5 f 10^owH4NethyKl^ 

5 lyxohaopyira pjnm (BCH-2091) 

The titled cranpnwH was obtained via deprotection of the tricyclic glycoside from step 6 herein as per 
procedure from step 6, example 34. 

NMR J H (250 MHz) (CDa 3 ; ppm): 8.10 (2H, m, aromatics), 7.75 (2H, m, aromatics), 6.72 (1H, d, 
10 NH), 5.91 (1H, s, H|), 5.41 (1H, a, Hf). 4.59 (1H, q, J = 6,6 Hz, H 5 0, 4.46 (1H, m, H4O- 4.32 
(1H, m, Hy), 4.03 (lH f dd\ Jj = 3.0 Hz, J 2 = 11.6 Hz, H^. 3.85 (1H, d, J « 11.6 Hz, H 3b ), 3.64 
(1H, m, OH), 2.66 (1H, in, E^ 9 1.99 (1H, d f J = 8.3 Hz, -CH 2 '^ chtin )' 186 1 211 ' H 2*a ' 
CH 2 - side chain), 1.65 (1H, m, H ro )» I- 41 PH- d. J - 6.5 Hz, -CH 3 sugar), 1.06 (3H, t, J — 7.3 Hz, 
-CH 3 side chain). 

15 IR (film) (cm* 1 ): 3422 (OH), 2932 (CH aliphatic), 1710 (C=0), 1668 (C=C), 1299 and 1165 (C-O). 
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Enmpfe 36: Preparation of (l%lR3S)-5>10Hltoxo^ 

tiideoxy-a'-trifliioroacetaiiiid^ 
IH-oapfatbo-P^] pyran 



OMc OKfe OMe 



OKfe 



OMd O 
| KHTPA 



to- 



O O 
I NHTPA 




O 0fcfe O 

H, 




KHTPA I NHTPA 

CP KB OPNB 




Step 1: a-phenaxymefthyl*23-d^ alcohol 

To a solution of 1,4-dimethoxybcnzene (2.0 g; 14.5 mmol) in tctrahydrofunm at 0°C was added n-butyl- 
10 lithium (2.5 M in hexane; 5.8 ml; 14.5 mmol). The mixture was wanned to room temperature and 
stirred for 4 hours. It was men cooled to -78°C and 1,2 epoxy-3-phenoxy-propane (1.95 g; 13 mmol) 
was added followed by boron trifluoride etherate (1.85 g; 13 mmol). The resulting mixture was stinedat 
-78°C for 2 hours. It was quenched with saturated NaHC(>3 whinon and extracted with 
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dichloromethane. The combined organic layen were washed with bicarbonate* brine and were dried over 
MgSO^ The crude residue was purified by column chromatography on silica gel using 25% ethyl 
acetate in hexane to yield the title product (2.4 g; 64%). 

*H NMR (250 MHz, CDC1 3 ) 8: 2.75 (1H, d, J - 4 Hz, -OH), 2.85f-3.10 (2H, m, ArOfe-). 3.71 (3H, 
5 s, OCH3), 3.79 (3H, s, OCH3), 3.95 (2H, m, CH 2 -0), 4.29 (1H, m, -CfrO)> 6.70-7.00 (6H, m. Ar- 
il), 7.28 (2H, m, Ar-H). 

Step 2: 5,8-draietboxy^3-ptaem*xyin^ 

10 To a solution of a?henoxyiiiethyl-2,5<din^ alcohol (2. 1 g; 7.24 mmol) in ether (40 ml) at 

room t rn i p f r ii ft P H * was added dimethoxymethane (966 |U; 10.8 mmol) and then boron trifluoride etherate 
(2.68 ml; 21.6 mmol). Ibe rest of the procedure is identical to the second part, step 1, example 29, to 
yield the title product (715 mg; 33%). 

*H NMR (250 MHz, CD0 3 ) S: 2.65 (1H, dd, J *= 11 and 17 Hz, H-4 ax), 2.89 (1H, dd, J = 2 and 17 
15 Hz, H-4 eq), 3.79 (3H, s, -OCH3), 3.82 (3H, s, -OCH3), 4.0(M.30 (3H, m, <SrO^ H* 3 )- 4 73 
(1H, d, J = 16 Hz, H-l), 5.07 (1H, d, J - 16 Hz, H-l), 6.68 (2H, AB doublets, Ar-H), 7.01 (3H, m, 
Ar-H), 7.33 (2H, m, Ar-H). 

Step 3: (I'S, 1R, 3S)-5 f *-dimethoxy-3-p^ 

20 trifluoroacetamido-4 1 -O-pnutrobeBzoy 1-Uyxohaopyra 

The isochroman from step 3 herein was glycosydated in 57 % yield as per procedure described in step 3 , 
example 34. 

NMR *H (250 MHz) (CDCI3; ppm): 8.31 (4H, m, aromatics), 7.31 (2H, m, aromatics), 6.97 (3H, m, 
25 aromatics), 6.76 (2H, m, aromatics), 6.22 (1H, d, NH), 6.02 (1H, s, Hj), 5.63 (1H, s, H t •), 5.42 (1H, 
6, H 3 0, 4.67 (1H, m, H4O, 4.66 (1H, m, H5O, 4.57 (1H, m, H 3 ), 4.18 (2H, m, -CH r aide chain), 
3.82 (3H, s, OCH3), 3.81 (3H, s, OCH3), 2.90 (1H, dd, H4J, 236 (1H, dd, H^J, 2.00-2.18 (2H, m, 
-CH r sugar), 1.16 (3H, d, J - 63 Hz, -CH3 sugar). 

30 Step 4: (I'S, 1R, 3S>43-diQ™-3l^ 

trifluofftuicetainid<H4'-0-p^ 

The (1 V S 9 1R,3S) glycoside from step 3 herein was oxidatively demethylated as per procedure described in 
step 4, example 34. 

35 NMR *H (250 MHz) (C#> 6 ; ppm): 7.73 (4H, dd, aromatics), 7.17 (2H, m, aromatics), 6.90 (3H, d, 
aromatics), 6.71 (1H, d, NH), 6.08 (2H t d, quinone ring), 5.80 (1H, s, Hj), 5.76 (1H, s, H r ), 5.50 
(1H, s, H 3 .), 4.70 (1H, m, H4.), 4.62 (1H, m, H5.), 4.22 (1H, m, H 3 ), 3.85 (1H, m, CH 2 side chain), 
3.66 (1H, dd, GH 2 side chain), 2.27 (1H, dd, H^), 1.94 (1H, dd, H^J, 1.85 (2H, m, -CH 2 side 
chain), 1.34 (2H, m, -CH r sugar), 1.18 (3H, d, -GH3 sugar). 
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Step 5: (l'S, 1R, 3S)-54<*-a*a*o-3-|ta 

trifluonncetanudo^'-O-p^iitr^ 

lH4MphthD-IZ3<] PJ«n 

5 

Cydoaddiuon between 1-aceioxyfautadiene and the quinooe from step 4 heroin as per procedure described 
in step 5, example 34, afforded die titled compound, yield 148%. 

NMR l H (250 MHz) (CDCI3; ppm): 8.30 (3H, m, aromatics), 8.11 (2H» m, aroniaucs), 7.77 (2H, m, 
aromatics), 7.30 (4H, m, aromatics), 6.96 (2H, m f aromatics), 6.40 (1H, d, J = 7.5 Hz, NH), 6.01 (1H, 
10 a, Hj) f 5.75 (1H, s, H r ). 5.43 (1H, a, H 3 0. 4.63 (1H, m, H4.X 4.61 (1H, m, H 3 ), 4.60 (1H, m, H 5 0, 
4.20 (2H, m, -CH r aide chain), 2.89 (1H, dd, Jj « 3.4 Hz, J 2 - W.3 Hz, H^, 2.57 (1H, dd, Ji = 
11.5 Hz, J 2 - 19.4 Hz, H^, 2.07 (2H, dd, -CH r sugar), 1.19 (3H, d, J - 6.5 Hz, -CH3 sugar). 

Step 6: (l'S, 1R, 3S)-M«Hlitt«>-3im^ 

15 trinuoxoattxanua^^ 
pyran (BCH-2Q32) 

The glycoside from step 5 herein was deprotected as per procedure described in step 6, example 34, to 
afford the titled compound in 81 % yield. 

20 NMR l K (250 MHz) CIX33; ppm): 8.11 (2H V m, aromatic*), 7.78 (2H, m, aromatics), 7.33 (2H, m, 
aromatics), 6.98 (1H, m, aromatic), 6.91 (2H, d, J « 8.3 Hz, aromatics), 6.69 (1H, d, NH), 5.95 (1H, 
s, H 2 ), 535 (1H, d, H r ), 4.61 (1H, m, H4O, 4.41 (1H, m, H 5 0, 4.38 (1H, m, H 3 ), 4.16 (2H, m, - 
CH r aide chain), 3.64 (1H, m, OH), 2.89 (1H, dd, H4J, 2.57 (1H, dd, H^, 1.93 (2H, m, -CH 2 " 
sugar), 1.24 (3H, d, J « 63 Hz, -CH3 sugar). 

25 IR (film) (cm' 1 ): 3425 (OH, NH), 2929 (Ch aliphatic), 1716 (C=0), 1668 (C«C), 1596 (C-N), 1297 
and 1160 (CO). 
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Example 37: 



Preparation of naphtbo-[23-c] pyran derivatives with an ally 1 side chain 



GMe 



OKfc 




1 NHIFA 
OPNB 




O O 



r NH1FA 
OPNB 



to 

O O 



1 NHTFA 
OPNB 




O O 



"pa 

I NKIFA 
OR 



CR-PNB 
R-H 



BOt-2031 




BCH-U63 



5 Stcpl: 



53-diiiietho^-3H2-pffopai^ 



To a stirred solution of pyrsnoeulfane (670 mg, 2.0 mmol) in CH2CI2 (20 ml) at -78°C were added 
aUyltrimetfaylsilsne (636 Ml* 4.0 mmol) and AICI3 (533 mg, 4.0 mmol). Temperature was then raised to 
-35°C few minutes, then HQ (0.1 N, 10 ml) was added. The reaction mixture was worked up with 
10 CH2CI2 and water. The organic layer was washed with brine and dried over MgSO^ The solvent was 
. evaporated to give the allyl isochroman (450 mg, 96%). 
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*H NMR (250 MHz, CDC1 3 ) 5: 6.63 (2d. J = 8.9 Hz, 2H, Ar-H), 5.96 (m, 1H. -CH=Q, 5.17 (d, J 

= 17 Hz. 1H, -CH-CE2). 510 < d » J = 9 9 1H « - ca=c Bj>- 4 93 <*• J " 16 0 1H * H " 1) * 
4.58 (d, J = 16.0 Hz, 1H, H-l), 3.78 md 3.75 (2s, 6H, 2XOCH3), 3.65 (m. 1H, H-3), 2.75 (broad d, J 

=> 17.0 Hz, 1H. H-4), 2.45 (m, 3H. H-4, -CH. 2 -CH=C). 

5 

Step 2: (1'S,1S^S) and a , S t l*^hl^'^\6\-triaa^-3 , 4ria^^ 

pararitnAi^jl-Mywilw^ 

To a mixture of 5,8-<fiinetlioxy-3K2-im)penyl)-i8ocliioiim (400 mg, 1.72 mmol), 2\3\6 , -trideoxy-3- 
10 trifluof©acetamido-4-Oi»mm^^ 2 (1-2 eq., 810 mg, 2.06 

mmol) and MS4A (500 mg) in CH 2 C>2 (17 ml) "* room temperature waa added DDQ (1.5 aq., 586 mg, 
2.58 mmol). The reaction mixture was stirred for 3 houra and 30 mmiites, then ffltet^ 
was washed by extraction with NaHCC^ sat. solution. Evaporation of the solvent and purifying by FC 
(CH 2 Cl2 :Hex:EtOAc 8:l2:l ) 427 mg of the titled product (50*) and 531 mg of its diastereoisomer 
15 (50%). The (1'S,1S,3S) diastereomer was prepared using the same procedure. 

lHr^(250MHz,acf«oiie^5(p|im): 8.65 (bd.lIUm), 8.4 (d,8.9Hz,2H,PNB-H), 8.34 
(d,8.9Hz.2H. PNB-H), 6.86 (d.8. 8Hz, 1H, Ar-H), 6.8 (d,8.8Hz,lH.Ar-H). 6.0 (m,lH,C=CH-Q, 5.88 
(s.lH.H-1), 5.56 (bs, 1H.H-1'). 5.47 (bs.lH.H-4'). 5.14 (bn*2H.C=CH2), 4.6 (m^H-SW). 4.3 
(m,lH,H-3), 3.8 (a,3H,ACOCH 3 ), 3.78 (s,3H,Ar-OCH3), 2.75 (m,lH,H-4), 2.47 (m,2H,C=C-CH2), 
20 2.4 (m.lH.H-4), 2.3 (m.lH.H-2'), 1.9 (m.lH.H-r), 1.16 (d,6.4Hz,3H,H-6'). 

Step 3: (±)-Memyl ketone hydrtncy-l-isochrornan quinone 

To a stirred solution of die methyl ketone hydroxy-1 isochrornane (3.000g. 1 1.891mmol) in 180ml of 
25 acetonitrile at 0°C was added dropwiae an aqueous solution of CAN (26.076g, 4736 mmol) and 

NaHC03 (7.19g, 85.6 mmol) in water. The reaction mixture was then droped in a mixture of 200 ml of 
CH2CI2 and 200 nd of water sad extracted wimCH^ 

Combined organic layers were washed with water (3x300 ml)and men dried (N^SO^. Recristallisanon 
ofmeresidugave 2.237g (85 % yield) of the pure methyl ketone hydroxy-1 isochrornane quinone. 
30 PMR (CDCI3, 300MHz)8: 2.30 (s, 3H, COCH3). 2.39 (ddd, 1H, J - 20.0 Hz, 12.0 Hz and 1.2 Hz, 
CHgCHCO), 2.88 (dd, 1H, J - 19.5 Hz and 3.9 Hz, CHeCHCO), 3.42 (broad m, 1H. OH-1), 4.64 (dd, 
1H, J = 1 1.7 Hz and 4 Hz, H-3), 6.03 (broad s, 1H, H-l), 6.78 (2xd, 2H, quinone-H). 

Step 4: <rS,lS,3S) and <l^S4-I^>-3^'.3%« , ^«^- 3, ^ , "»^^ 

35 paimiiritnibeiizoyH^yxoto 
[2,3^]-pyrwi-3-yl)-pn>pene 

To a solution of (l,^,l-R,3-R>l-(2 , ^\6 , -trideoxy-3'-nifluoioaoBtaiiri 

lyxohexopyianose)- 5,8^oxc-3inopenyl-l,4,5,8^etrahydrobo^2,3-c]^ (205 mg, .34 mmol) in 
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toluene (10 ml) at room temperature was added l-acetoxy-l»3*butadieoe (0.250 ml, 1.72 mmol). The 
mixture was stirred overnight followed by adding silica gel (4.2 g) and bubbling air. After 2 hours, the 
solution was filtered and solvent removed form the filtrate. Purifying of the crude by FC (Tol.: EtOAc 
15:1) and lecrystalization gave 133 mg of the titled product The (1'S,1S,3S) diastereomer was prepared 
5 the same way. 

1 H NMR (250 MHz, CE^Cty 6 (PP™) : 83 (m.4H,PNB-H), S.1 (m*2H,Ar-H), 7.75 (m,2H,Ar-H), 
6.35 (bd,lH,NH), 5.95 (1H,C«=CH-C), 5.9 (s4H t H-l) f 5.7 (s,lH,IM r ), 5.43 (bs,lH.H-4') , 5.25 
(m f 2H,C=CH2), 4.6 (nUH.H-3*). 4.43 (q,6.4Hi t lIUI.5 , ) > 4.21 (p*lHJI-3)» 2.8 
(dd49.4Hz,3.2Hz,lH,rM). 2.47 (m,2H,C= C-Crty, 2.33 (dd.19.4Hz, 11Hz,1H,IM), 2.07 (m,2H,H- 
10 2'), 1.2 (d,6.4Hl3H♦H-6 , ). 

Step 5: (1'S, 1S3S) and (l'Sa-R^RKHP^^'^d^ 

IrydraxyTL^bohexo^^ 
pyru»-3-yI)-pnipene (BCH-2031) 

15 

to a solution of (1*-S J-R 9 3-R>»3K[2%3\6 , ^dMxy-3 , ^fu^ 
. lyxohexopyranose)-5, 10-dioxo-3, 4,5. 10-tetrahydionaphtho4^^ propene (133 mg f 0.2 

mmol) in MeOH (2 ml) at 0°C was added NaOMe (4.37M m MeOH, 60*11, .26 mmol) and stirred for 15 
minutes. The reaction was quenched by adding NH4CI sat and extracted with CH2CI2* The organic 
20 phase was then dried over MgSC>4, evaporated to give 64 mg crude. Purifying by preparative 1*LC 
(Tol.: EtOAc 6:1) gave 25 mg (25%) of the desired product The (1'S,1S,3S) diastereomer BCH-2163 
was prepared the same way. 

1 H-NMR (250MHACD2O2) 5 (PP m > : 8.05 (m,2H,Ar-H), 7.75 (m,2H,Ar-H) t 6.25 (bd,lH,NH), 5.95 
(m, 1H,C«CH), 5.B4 (MHJI-l), 5.51 (bd f lH,H-r). 5.2 (m,2H,C=CH2). 4.25 (m.4H,H-3.3',4',5 f ), 
25 3.6 (bs, lH,OH), 2.78 (dd,19.4Hz,3.3Hz,lH,H<4), 2.44 (ni2H,C=C-CH2)» ^ 3 
(dd,19.4Hz,llHz,lH4i-4), 1.85 (mJRM>T), 1.25 (d,6.6Hz,3H,H-6 ( ). 

Example 38: Preparation of naphtho-(2,3<] pyran derivatives with a methyl ketone side 

chain from a bkyclk quinone aglycal 

30 
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r NKIFA 



R-I BOM620 
R-»PNB,«pi 

>R-OH«pi BCH-1649 



O O 
r NKIFA 

o o 



r NKIFA 



R-I BCH-1621 
' R-PNB,cpi 
>R-GH,.ep BCH-I64I 



Step land 2: 



(r^,l-R3-SMnefo^ 
4*4odVl^yxotaexopynu3«*]-54 



1) To * stirred suspension of molecular sieves 4A (1.3g), 2KaunethyR4juryl^yIoxy>-3- 

^wwwt; A^Unarw?, ^ f ^Wyxohexopyrinose (478 mg, 1.02 mmol) and 3-acetyl- 
5,8^oxo-l^ydit>xy-l,4,5,8Hetrabydr^^ (178 mg, 0.8 mmol) in a solution of 

10 CH2 a 2 /scetODC < 15 - 4 10:1 ) 111 " 50<>C WM added trimcth y lsil y 1 trifhKmMMthsncsulfooate 

(TMS-OTf, .222 ml, 1.15 mmol). The reaction mixture was then stirred at -30*C for 50 
minutes, followed by addition of aq. NaHCOj 5% and warmed up to room temperature. After 
filtering off solids, the filtrate was extracted with CH 2 C1 2 . The organic phase was men washed 
with brine and dried over MgSO^ Evaporation of the solvent gave 563 mg of the crude. 

15 2) From the nude product obtained u 116 mg was utiliied m the next step by 

stirring with 1-acetoxy-l ,3-butadiene (98 pi. .82 mmol) in toluene (10 ml) for overnight at room 
temperature and under argon. Silica gel was next added and air was bubbled into the reaction 
mixture and stirring for 2 hours. The crude product was recovered by filtering and washing of 
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25 



the silica gel with ethyl acetate. Evaporation of the solvent gave 139 mg of the crude product. 
Purifying by preparative TLC (hez:OAc 4:1) gave 7.4 mg of Oie tide product and 2.2 mg of its 
diastereoiBomer for a total of 9% yield. The (1'S,1S,3R) diastereomer BCH-1621 was prepared 
using the same method. 

5 *H NMR (250 MHz, acetone) S (ppm): 8.43 <bd,lH f N-H), 8.0 <m,2H,ArH), 7.9 (m,2H,Ar-H), 6.0 
<s,lH,H-l), 5.6(bd.5.4Hz,lH,H-l'). 4.89 (bs,lH,H-3'). 4.75 (dd,11.6Hz,4.0Hz,lH,H-3), 3.75 
(m,lH,H-4') f 3.7 (q,6.1Hz,lH,H-5'). 3.0 (dd, 19.6Hz, 4Hz, lH,H-4), 2.55 (dd, 19.6Hz, 11. 6Hz, 1H,H- 
4), 2.3 (s,3H,COCH 3 ), 2.26 (m,lH,H-2'). 1.8 (m,UUJ-2'), 1.25 (d,6.1Hz,3H,H-6'). 

10 Step 3: tt'^l-R^SWP'^f'^deo^ 
ryhohexopynnase]-5,l(^ 
propene (BCH-1649) 

To a solution of (l^,l-R>S>3KP\3\6 , -trideoxy.3 , ^uotoac^^ 

15 lyxohexopyrsnoaeK5 f 10<^ propene (133 mg, 0.2 

xnmol) m MeOH a ml) at 0°C was added NaOMe (4.37M in MeOH, 60 |U, .26 mmol) and stirred for 15 
mmntes. The reaction was quenched by adding NH4CI sat. and extracted with G^C^* **** °V^ C • 
phase was then dried over MgS0 4 , evaporated to give 64 mg crude. Purifying by preparative TLC (tol: 
EtOAc 6:1) gave 25 mg (25%) of the desired product The (1'S,1S,3R). BCH-1648, diastereomer was 

20 obtained uamg the aame method. 

*H NMR (250MHz 9 a> 2 O2) 6 (ppm): 8.05 (m*2H,Ar-H), 7.75 (m^H,Ar-H) f 6.25 (bd,lH,NH), 5.95 
(m, 1H,C-CH>. 5.M (UHJl-l), 5.51 (bd,lH,H-r), 5J2 (m^C-Ofe), 4.25 (m,4H f H-3,3\4•,5 , ), 
3.6 (bs, 1H.OH). 2.78 (dd,19.4Hz,3.3Hz,lH,H^), 2.44 (m^H.C-C-CH^ ^ 3 
(dd,19.4Hz.UHx.lfUM). 1.85 (nOH.H-2'), 1.25 (d,6.6Hz,3H,H-6'). 



Example 39: Frrpararion of 4a^l0av«paa7HBapfatho-{2 9 3<) pynn derivatives 



O OR 




30 Step 1: (r^4-R^ t 4a^l0a-S)-ii^ 

methanesulfonyl^yxohexopyranose 
teti^dnmaphtho-[2^-c] pyran-3-yl) ketone (BCH-2141) 
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To a solution of (l'^4-R,3^)-ineftyMH2^^ 

lyxohexopyrano»)-540^^ pyran-3-yI) ketone (15 mg, 30 pmol) in THF 

(1 ml) at 0°C ww added H 2 C>2 (30% aq. solution , 5.2 pi, 46 |lmol). After 10 minutes, NaOH (.IN, 
5 .364 ml) was added and the reaction mixture was stirred at 0°C for 30 minutes. Workup was carried out 
by adding brine to the mixture, extracting with CH2CI2 and drying the organic phase over MgSO^ The 
crude obtained after evaporation of the solvent was purifying by recrystalization to give 8 mg (50%) of 
the pure titled product The (l'S,lS,3R,4aIU0aR), BCH-2149, dustereomer was obtained using the 
same method 

10 J H NMR (250MHz, CDCty 8 <ppm): 8.05 iad 7.8 (m,4H,ArH), 6.15 (s.lH.H-l), 5.55 (bd.lH.H-l'), 
4.86 (b6.1H^-4'). 4.3 (dd,9Hz3Hz,lH.H-3), 4.05 (q,6.6Hz.lH.H-5% 3.65 (m.IH3-3'). 3.45 
(B.3H.S02CH3), 3.15 (s,3H,OMe), 2.75 (dd,12.3Hz,3Hz,lH,H-4) > 2.35 (m,lH,H-4), 2.3 
(6.3H.COCH3), 1.9-2.2 (tW), 1-25 (d,6.6Hz,3H4I-6'). 



138 

SUBSTITUTE SHEET 



WO 94/11382 



PCT/CA93/00463 



nsr— .p L> 40: Monoaminosugar substituted naphthoquinone derivative 




OAc SAc 




rtinpinwir 
BOM673 



5 Step 1: (2R,4U5S,6S) and (2R»4S^,6S)-2-*ert-b^ldimc^ 

mcetaxy € mcthyj-tetruhyoVopyran 

A solution of rfainmal diacetate (0.514 g, 2.4 mmols) in H2O (24 ml) is bested at 80°C for 30 minutes. 
The solution is then cooled down to 0°C and CH3COSH (0.5 1 ml, 3 eq.) is then added. The cloudy 

10 solution is stirred at room temperature for 2 hours after which NBHCO3 (1.2 g f 6 eq.) is added to 
neutralize the excess CH3COSH. The water is evaporated and the residue is dissolved in CH2CI2 end 
dried over MgS0 4 . The solids are filtered and the solvent evaporated. A solution of the oil obtained 
after evaporation in CH 2 C1 2 (24 ml) is treated with imidazole (0.33 g, 2 eq.) and t-BuMe^Sid (0.43 g v 
1.2 eq.). The solution is stirred at room temperature, under argon, for 18 hours. It is poured in sat aq. 

15 NaHC(>3 and the phases are separated. Tne aqueous layer is extracted with CH2CI2 (2x) and the 

combined organic extracts are dried over MgSC^. The solids are filtered and the solvents evaporated. 
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The oil frHitir^ is purified by flash chromatography (silica gel, 9:1 bexanes/EtOAc) to give a 1: 1 
mixture of tided isomers: 0.50 g (60 %) as a clear oil. 

to NMR (CDCI3): 5 4.90+4.85 <2dd, 1H, H-l), 4.73+4.62 (2dd, 1H, H-4), 4.30+3.75 (q+m, 1H, 
H-5), 3.71 +3.55 (2ddd, 1H, H-3), 2.36+2.30 (2s, 3H, SAc), 2.19 (m, IB, H-2), 2.03+1.99 (2s, 3H, 
5 OAc), 1.77 (m, 1H, H-2), 1.22+1.18 (2d, 3H, H-6), 0.88 (s, 9H, t-Bu), 0.09+0.10 (2s, 6H, SiMej). 

Step 2: (ZR^6S)-240t-t»utyl^ 

A solution of the thio-sugar Atom step 1 herein (51 mg, 0.14 mmol) in ethanol (2 ml) was treated with an 
excess of Raney-NL The suspension was vigorously stirred for 30 minutes and was then filtered through 
10 Celite. Tne ethanol was evaporated to give 36 mg (89$) of the titled compound as a clear oil. 

NMR (CDCI3): 6 4.74 (dd. 1H, J -= 2.0, 8.6, H-l), 4.42 (ddd, 1H, J - 4.7, 10.5, 10.5, H4), 
3.98 (dq, 1H, J = 6.16, 9.23, H-5) 2.10 (m, 1H, H-2 or H-3), 2.02 (a, 3H, OAc), 1.86-1.35 (m, 3H, 
H-2 and H-3), 1.17 (d, 3H, J = 6.16, H-6), 0.88 (s, 9H, t-Bu), 0.10 (s f 3H, SiMe), 0.08 (s, 3H, SiMe). 

15 Step 3: (2R^R t 6S)-24ert-birtyid1m 

To a solution of the acetate from step 2 herein (36 mg, 0.13 mmol) in dry MeOH (1.3 ml), at room 
temperature, was added 1 N NaOH (0.14 ml, 1.1 eq.) and the solution was stirred for 45 minutes. It was 
then poured in H2O and the aqueous phase was extracted 3x with GH2O2. The combined organic 
20 extracts were dried over MgS0 4 , the solids were filtered and the solvent evaporated to give 30 mg (96%) 
of the pure titled alcohol. 

to NMR (CDCI3): B 4.72 (dd, 1H, J «= 1.9, 8.7, H-l), 3.28-3.24 (m, 2H, H-4 and H-5), 2.04-1.41 
(m, 4H, H-2 and H-3), 1.27 (d, 3H, J = 53, H-6), 0.88 (s t 9H, t-Bu), 0.10 (s f 3H, SiMe), 0.09 (s, 3H, 
SiMe). 

25 

Step 4: (2R4S,6S)-2-tert-biityl^^ 

To a solution of the alcohol from step 3 herein (62 mg, 0.25 mmol) in dry THF (2.5 ml), at room 
temperature, under argon, were added successively Ph^ (66 mg, 1 eq.), DEAD (40 |ll, 1 eq.) and 
30 (PhO>2PON3 (54 ill, 1 eq.) and the solution was stirred for 18 hours. The THF was evaporated and the 
crude oil was purified by flash chromatography (silica gel, 95:5 hexanes/EtOAc) to give 38 mg (56 % ) of 
the tided azide as a clear oil . 

to NMR (CDQ 3 ): 6 4.71 (dd, 1H, J = 3.0, 7.9, H-l), 3;64 (dq, 1H, J - 1.7, 6.3, H-5), 3.33 (m, 
1H, H-4), 2.15-1.60 (m, 4H, H-2 and H-3), 1.26 (d, 3H, J « 6.3, H-6), 0.89 (s, 9H, tBu), 0.11 (s, 3H, 
35 SiMe), 0.09 (s, 3H, SiMe). 

Step 5: (2R^6^-2-tert-buryldimethy^ 
tetrahydropynin 
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To a solution of the azide from step 4 herein (0.20 g, 0.72 mnool) in dry EtOAc (7.2 ml) at room 
temperature, was added Pd/C 10% (0.10 g, 50% wL) and the black suspension was placed under a H 2 
atmosphere for 3 hours. The catalyst was then filtered through Celite and the solvent was evaporated to 
dryness. The crude amine (0.18. g, 0.72 mxnol) was dissolved in dry C^fh. C 7 - 2 Et 3 N f 0 * 20 

5 ml, 2 eq.) was added. The solution was cooled to 0°C and TFA 2 0 (0.11 ml, 1.1 eq.) was added slowly. 
The solution was stirred at 0°C for 5 hours and was then poured in sat. aq. NaHCC>3. The phases were 
separated and the aqueous layer was extracted with CH2CI2 (2x). The combined organic extracts were 
dried over MgS0 4 , the solids filtered and the solvent evaporated to give 0. 17 g (71 %) of the crude titled 
trifluoroacetamide that was used as such. 
10 lH NMR (CDCI3): 8 6.70 (be, 1H, NH), 4.75 (dd, 1H, H-l), 3.92 (m, 1H, H-4), 3.73 (dq, 1H, H-5), 
2.06-1.45 (m, 4H, H-2 and H-3), 1.19 (d, 3H, H-6), 0.88 (s, 9H, t-Bu), 0.11 (s, 3H, SiMe), 0.09 (s, 
3H, SiMe). 

Step 6: (lS^Rtl'S^'S^S) and (lR3S4'S^6'§Hneth^ 

15 methyltetealydro^^ 

pyran-3-yl) ketone (BCH-1673) 

The titled compounds were obtained in 30% yield by following the procedure described in step 4, 
example 12, on the precursor of step 5 herein. The titled compounds were purified via flash 
20 chromatography (silica gel, 3:1 hexanes/EtOAc). The mixture of isomers was not separable by 
chromatography. 

*H NMR (CDCI3): 5 8.14-8.07 (m, 2H, ArH), 7.79-7.73 (m, 2H, ArH). 6.17+5.99 (2s, 1H, H-l), 
5.50+5.39 (2b6. 1H, H-l*), 4.68+4.24 (2q. 1H, J = 6.5. H-5 1 ). 4.56+4.49 <2dd, 1H, J - 4.2, 11.8. 
H-3), 4.05 (m, 1H. H-4*), 3.08 +3.07 (2dd, 1H, J - 4.2, 19.9, H-4), 2.57 (dd, 1H, J = 11.8, 19.9, H- 
25 4), 234+2.33 {2b, 3H, COCH3), 2.00-1.53 (m, 4H, H-2' and H-3"), 1.31+1.13 (2d. 3H, J = 6.5. H- 

6 >- 
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• 41t <i«S,lS,3E)-3-<oximoethyl)-5,10-di©xo-l(2,3,6- 

3,4,3, 10-tetrahydr©-lH-na*httao [2,3-c] pyran (BCH- 
2101) ud 1,3-diepimer (BCH-2115) 




BCH-2101 




I NHIFA 
OPNB 



BCH-2115 



Step It <18,3R)-3 (oximoetfiyl)-l (2,3,6-trideoxy-3- 

toiflooro«c«tamldo-4-^aitxtA>«nsorl-X«-lTxohuopTrjuioBe)-5 , 8- 

10 



To a solution of hydroxy lamine-hydrochloride (60 mg; .86 nmol) in a 
mixture of ethanol (4 ml) and Water (.4 ml) was added sodium hydroxide 
(33 mg) in ethanol (2 ml). The mixture was atirred at room temperature 

15 for .5 hour. The solution was filtered. The filtrate was added to 3- 
acetyl-isochroman glycoside from step 1, example 5, (92 mg; .147 nmole). 
The reaction was complete in 10 minutes. The mixture was evaporated 
down to dryness, dissolved in small volume of water (5 ml), extracted 
with CH 2 C1 2 (3x50 ml), washed with sat. NaCl, dried and evaporated. The 

20 crude product was passed through a small column of silica gel prewashed 
with 0.2% triethylamine in hexane (eluent: 15%, 20% and 25% EtOAc in 
hexane) yielding pure oxime (63 mg; 67%). 
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NMR (acetone-d 6 ; 8) x 1.26 (3H, d, J « 6.8 Hz; -CH 3 ), 1.26 (3H, d, J «= 
B.3 Hz; -CH 3 ), 1.89 (1H, dd, J - 4.4, 13.2 Hz; H-2 of the sugar), 1.96 
(3H, e r CH 3 of the aide chain), 2.47 (1H, dt, J - 3.6, 13.1 Hz; H-2), 



5 t, J » 7.8 Hz; H-3), 4.83 (1H, q; J - 6.5 Hz; H-5 of the sugar), 5.51 
(1H, br singlet; H-l of the sugar), 5.61 (1H, d, J ■ 2.9 Hz; H-4 of the 
sugar), 6.15 (1H, s; H-l), 6.87, 6.90 (1H, d each; J ■ 8.9 Hz; Ar-H), 
8.36, 8.41 (2H, d each; J - 8.8 Hz; Ar-H of PNB-group) , 8.70 (1H, d, J • 
8.0 Hz; -NHTFA), 10.02 (1H, s; «HOH) . 

10 

Step 2t (l'S,lS,3R)-3 <oximoethyl)-5, 10-dioxo-l (2,3, 6-trideory-3- 

trif luoroacetamido-L-lyxohexopyranose ) -3 , 4 , 5 , 10-tetrahydro- 
lH-naphtho- ( 2 , 3-c ] pyran (BCH-2101) 

15 Acetylation was done on the oxime from step 1 herein (33mg; 0.051 mole) 
in CH 2 C1 2 (4ml) using pyridine (0.2 ml), acetic anhydride (0.1 ml) and 
catalytic amount of DMAP. After stirring at room temperature for 3 
hours, the mixture was poured into ice, extracted with CH 2 C1 2 (3x50 ml), 
washed with water (15 ml), dried and evaporated. The crude product was 

20 pumped for 16 hours before using in the next step. 

CAN oxidation was done on the crude acetate (40 mg) using sodium 
bicarbonate following the general procedure as described in other 
examples* Zt resulted in 32 mg of crude quinone. The quinone was 
reacted with acetoxy butadiene (100 |il) in toluene following the general 

25 procedure. On purification through a column of silica gel (30% EtOAc in 
toluene, 50% XtQAc in toluene end CH 2 Cl 2 i MeOH-9xl as eluents) pure 
tricyclic glycoside (29 mg) was obtained. Finally, deprotection of 
acetate and PHB groups was done by using sodium methoxide (catalytic) in 
methanol (3 ml) at 0°C. After stirring at 0°C for 14 minutes, the 

30 mixture was neutralised with dil. HC1 to pH~7, diluted with water (5ml), 
extracted with CH 2 C1 2 (3x30 ml), washed with water (10 ml), dried and 
evaporated. The crude product was purified by column chromatography 
over a small column of silica gel (1% methanol in CH 2 C1 2 as eluent) and 
preparative TLC (CH 2 Cl 2 t MeOH-9:l) yielding pure titled oxime (3.7 mg; 

35 14% in 4 steps), m.p.«125-27*C. 

HKR (acetone-dg) 6: 1.35 (3B,d, J»6.6Hz; CH3 of the sugar), 1.75 
(lH,dd,J-4.6,13.0Hz;H-2 of the sugar), 1.95 (3H,s,GH 3 of the side- 
chain), 3.71 (1H, br. signal; H-4 of the sugar), 4.27 (2H,m;sugar-H) , 
4.57 (lH,q,J«6.6Hz;H-5 of the sugar), 4.70 (lH,t, J»7.5Hz;H-3) , 5.44 



3.81, 3.88 (3H, s each; Ar-OCH 3 ), 4.60-4.66 (1H, m; sugar-B), 4.72 (1H, 
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(lH,d,J-3.3Hx;H-l of the sugar), 6.07 (1H,S;H-1), 7.87-7.90 (2H,m;Ar-H) , 
8.08-8.12 (2H,m;Ar-H), 10.15 (lH,bit br. singlet ; -NOH ) . 

Step 3t <l*,3S>-3-(oximoethyl)-l (2,3,6-trideoxy-3- 

5 trifluoroacetasddo-4-p-nitrobens©^^ 
di*sthoxy~i*ochroman 

Oxime was prepared from 3-acetyl ieochroman glycoside (60 mg; .096 mmol) 
using hydroxylamine hydrochloride (39 tag; 0.56 mmole) in BtOH (2.6 ml) 
10 and water (0.26 ml), and sodium hydroxide (21o5 mg) in BtOH (1.3 ml) 
following the procedure described in step 1 herein. After 
chromatography over silica gel prewashed with triethylamine titled oxime 
(in diasterecsaerie mixture of 5:1 ratio) was obtained in 81% yield (50 
mg). 

15 NMR (acetone-d 6 ; 5): 1.10 (3H, d, J - 6.6 Hz; CH 3 of sugar), 1.98 (3H, 
s; methyl of the side-chain), 2.39 (1H, dt, J - 3.6, 12;9 Hz; H-4), 3.81 
(6H, s; Ar-OCH 3 ), 4.63-4.73 (1H, m; H-3 of sugar), 5.45 (1H, br signal; 
H-l of sugar; same of the other diastereomer overlapped), 5.56 (1H, br 
signal; H-4 of the sugar; same of the other diastereomer overlapped) , 

20 5.95 (1H, 8, H-l), 6.81-6.95 (m; Ar-H), 8.30-8.43 (m; A-H of PNB group), 
8.66 (1H, br d, J - 5.9 Hz; HHTFA) , 10.05 (1H, s; -N-OH) , (There were 
few other signals which were due to the other diastereomer and to a 
small impurity which were not detailed. ). 

25 Step 4t (1*8, UL, 38) -3 <oximoetbyl)-5, 10-dioxo-l (2,3,6-trideoxy-3- 

trifluoroaMtasOd^L-lyxoliexopyranose) -3,4,5, 10-tetrahydro- 
lH-naphtfeo- ( 2 , 3 -c ) -pyr an (BGH-2115) 

Acetylation of the oxime (50 mg; .078 mmole) was done following the 
30 procedure described in step 2, first part. CAM oxidation was done on 
the acetate (54 mg) using sodium bicarbonate following the general 
procedure. It resulted in 50 mg of crude guinone. Quinone (50 mg) was 
reacted with acetoxybutadisne (0.1 ml) in toluene (2 ml) following the 
general procedure. On purification by column chromatography over silica 
35 gel (20% BtOAc in toluene, 50% KtOAc in toluene and 5% methanol in 
CH 2 C1 2 as eluents) gave 33 mg of slightly impure tricyclic compound. 
Finally, deprotection of acetate and PNB groups was done by using sodium 
methoxide (catalytic) in methanol (2 ml) at 0°C following the procedure 
described in step 2, last part. The titled crude product was passed 
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through two columns of silica gel (1% and 2% methanol in CH2CI2 *» 
eluonte) yielding ths oxime in 12.5% yield (5 nig) ( contaminated with the 
other diastereomer in 5.6:1 ratio). 

HKR (acetone-dg; 8): 1.18 (3H,d, J-6.4Hx;CH 3 of the sugar)/ 1.76 
5 (lH,dd,J-4.8,12.9H£|B-2 of the sugar), 1.98 (3H,s,CH 3 of the aide 

chain), 2.18 <1H, dd, J-3.7,12.9Br,B-4) , 3.67 (lH.br. d, J-3.9Bz;sugar-H) , 
4.21-4.29 (2fi,m,sugar-H), 4.77 (lB,dd, J-5.4, 9.6Hz;H-3), 5.48 
(lH,d,J«3.2; H-l of the sugar), 5.91 (lH,s,B-l), 7.86-7.92 (2B,m;Ar-H), 
8.06-8.10 (2H,m;Ar-B), 10.14 (lB,s,-N-OH) , (there were small signals 
10 due to the other diastereomer present in the spectrum which were not 
detailed). 

Example 42 1 Preparation of (l*8,18,3R)-3 

(trlf luoroacofirtoethyl)-5 , 10-dioxo-l (2,3,6- 
15 trideoxy-3 , 4-dJJiTdroxy-L-lyxohexopyranoae) -3 ,4,5, 10- 

tetrahydro-lB-aaphtho [2,3-c] pyran (BCH-2018) 

Ofcfc O . . Ofcfe NHTFA 



OMt OMe 



NHIFA O NHXFA 



0**°" OH OH 



BOM018 



20 Step It 3- (Trif lnoroacetamido-ethy 1 ) -5 , 8-rt i met hoxy isochroman 

To a solution of hydroxylamine-hydrochloride (1.4 g; 20.1 mmole) in a 
mixture of ethanol (30 ml) and water (3 ml) was added sodium hydroxide 
(720 mg) in ethanol (15 ml). The mixture wae stirred for .5 hour. The 
25 solution was filtered. The filtrate was added to 5,8-dimethoxy-3- 

acetyl-isochroman (1 g; 4.23 mmole). The mixture was stirred at room 
temperature for 1.5 hour and evaporated to drynesB. The residue was 
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dissolved in small volume of water (10 ml), extracted with CH 2 Cl 2 (3x100 
ml), washed with brine (20 ml), dried and evaporated. The crude product 
(900 rog) obtained was dissolved in toluene (30 ml) and cooled to — 40°C. 
Red-Al (9 ml) was added during 25 minutes. The mixture was stirred at - 
5 40°C for 40 minutes. The temperature of the cooling mixture was raised 
slowly to 25°C and the reaction was stirred at 25°C for 16 hours. 
Excess reagent was destroyed by careful addition of cold water (6 ml) 
followed by 10% sodium hydroxide (1 ml). The mixture was extracted with 
ether (3x100 ml), washed with brine (25 ml), dried and evaporated. The 

10 crude product (800 mg) was dissolved in CB 2 C1 2 (50 ml). Pyridine (8 ml) 
and DMAP (15 mg) were added and the mixture was cooled to 0°C. 
Trifluoroacetic anhydride (3 ml) was added slowly and the mixture was 
stirred at room temperature for 16 hours. It was poured into ice, 
neutralized with saturated sodium bicarbonate, extracted with CH 2 C1 2 

15 (3x100 ml), washed with water (25 ml), dried and evaporated. The solid 
residue was recrystallized twice from a mixture of hexane and ether 
(4:1) yielding pure titled product (purity by MMR: >92%; yield « 330 mg; 
23.4% in three steps). 

NMR (GDC1 3 ; 5): 1.29 <3H, d, J - 6.8 Hz; -GH 3 ), 2.52 (1H, dd, J m 11.3, 
20 16.9 Hz; H-4), 2.69 (IB, dd, J * 2.2, 16*4 Hz; H'-4), 3.65 (1H, ddd, J * 
3.2, 6.3, 11.2 Hz; H-3), 3.75, 3.78 (3H, 0 each, Ar-OCH 3 ), 4.24 <1H, m; 
-CH(NHCOCF 3 )CH 3 ), 4.58 (IB, d, J - 15.8 Hz; H-l), 4.97 (1H, d, J - 15.8 
Hz; H'-l), 6.62, 6.67 (IB, d each, J - 8.9 Hz; Ar-H). 

25 Step 2t { 1 " ' r 1 « , ) -i-{»h fi MW >^r.»..< *^»h r i ) -« f a— i * -^-h^- t - 

(2 ' ,3 ' ,6'-trideoxy-'3 ' ,4 , "di hydr o x y-L»l yx o hex o pyra noae)^ 

Coupling with sugar was done using DDQ in CH 2 C1 2 following general 
30 procedure (step 1, example 14). The product was isolated as 
diastereomeric mixture from crude reaction mixture by column 
chromatography over silica gel prewashed with .5% triethylamine 
(eluent: hexane: ethyl acetate ■ 80:20) in 75% yield. 

To a solution of the diastereomeric mixture (100 mg) in CH 3 CN (6 ml) at 
35 0°C was added 0.1 N HaOH (4 eguiv.). The mixture was stirred at 0°C 
for .5 hour. Ice bath was removed and it was stirred at room 
temperature for l.Shr. The mixture was diluted with water (10 ml), 
extracted with CH 2 C1 2 (3x100 ml), washed with water (20 ml), dried and 
evaporated. The crude product was chromatographed over silica gel 
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(prewashed with .2% tr let hy lamina) eluent: 50%, 60% , 7Q% r 80% EtQAc in 
hexane and finally by pure BtQAc) yielding pure title compound (yield = 
25 mg; 29.4%), and 1,3-diepimer (37 mg; 80% pure; 34.5%). 
HMR (Acetone-d 6 ;S) of the title compound: 1.28, 1.35 (3H,d each, J - 6.5 
5 Hz; CH 3 of the side chain and CH3 of the sugar), 1.58 (1H, dd, 

J - 5.1,12.6 Hz; H-2 of the sugar), 1.91 (1H, dt, J - 3.8, 12.3 Hz; H-2 
of the sugar), 2.41 (1H, dd, J - 11.6, 17.4 Hz, H-4), 2.79 (1H, dd, J - 
3.4, 17.6 Hz; H'-4), 3.42 (1H, d, J - 4.4, sugar-H), 3.55 (1H, br 
signal; H-4 of the sugar), 3.64 (1H, d, J » 6.7 Hz; sugar-H), 3.77, 3.78 
10 (3H, s, each, Ar-OGH 3 ), 4.16-4.29 (2H, m, -CH ( NHTFA ) CH3 and sugar-H), 
4.36 (1H, q, J - 6.5 Hz; H-5 of sugar), 5.36 (1H, d, J » 3.3 Hz; H-l of 
the sugar), 6.04 (1H, s, H-l), 6.79, 6.88 (1H, d each, J - 8.9Hz; Ar-H), 
8.50 (1H, br d, J * 7.0; NHTFA) • 

HMR of 1,3-diepimer (acetone-d 6 ; 5): 1.21 (3H, d, J « 6.5 Hz; CH 3 ), 
15 1.36 (3H, d, J - 6.3 Hz; CH 3 ), 2.37 (1H, dd, J - 6.1, 11.3 Hz; H-4), 
2.80 (1H, dd, J - 3.3, 17.3 Hz; H'-4), 3.45 (1H, d, J - 4.8 Hz; sugar- 
H), 3.53 (1H, br signal; sugar-H) , 3.66 (1H, d, J - 6.9 Hz; sugar-H), 
3.78, 3.81 (3H, s each; Ar-OCH 3 ), 4.08 <1H, q, J - 6.7 Hz; H-5 of the 
sugar), 4.16-4.29 (2H, 0; CH( NHTFA )CH 3 and sugar-H), 5.36 (1H, br 
20 singlet, H-l of sugar), 5.85 (1H, s; H-l), 6.78-6.89 (2H, 0; A-H) , 
(There were few signals due to the other diastereomer which are not 
detailed. ) . 

Step 3t (l'S r lS,3R)-3-(trifluoroacataaidoathyl)-5,10-dioxo-l- 
25 (2* , 3 1 , 6 ' -trideoxy-3 • , 4 • -dJJiydroxy-It-lyxohaxopyranosa) - 

3,4, 5,10-tatrahydro-lH-naphtho-[2,3-cl-pyran (BCB-2018) 

CAN oxidation was done on diaethoxy-compound following the general 

procedure (step 3, example 12). 
30 The crude quinone was reacted with acetoxy-butadiene in toluene 

following the general procedure. Pure titled product was obtained by 

column chromatography over silica gel (eluent: toluene: *tOAc=70:30 and 

60s 40) followed by preparative TLC ( eluent t CH 2 C1 2 : MeOH»9:l) (5 mg;19% 

yield) as a light yellow solid, nip: 180-3°C (dec). 
35 NMR (acetone-d 6 ;6): 1.34 (3H,d, J-6.4Hz;-GB 3 ) , 1.38 (3H,d, J«6.7Hz;-CH 3 ) , 

1.60 (lH,dd,J«4.7,12.6Hz;H-2 of the sugar), 1.92 (!H,dd, J«3.7,12.2Hz;B-2 

of the sugar), 2.47 (lH,dd,J-10. 2,19. 0Hz;H-4), 2.82 

(lH,dd,J«=2.9,19.0Hz;H'-4), 3.49 (lH,d, J-4.3Hz;-OH of the sugar), 3.59 
(lH,br.signal which became sharp on D 2 0-exchange;H-4 of sugar), 3.68 
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(lH,d,J*6.7Hx;-OH of the sugar), 3*82 (lH,m;H-3), 4.19-4.30 
(2H,m,ovarlapptng-CHCH3(NHTPA) and «ugar-proton) f 4.42 (1H, q, J«6.5Hz,H-5 
of the sugar), 5.36 (1H, d r J«3.5Hz,H-l of the sugar), 6.0 (1H,B,H-1), 
7.86-7.90 (2H,mjAr-H)/ 8.05-8.10 (2H,m;Ar-H), 8.56 (lH,br. signal?- 
5 NHTFA). (Stereochemistry of NHTFA is not yet determined). 

Example 43s Preparation of (l'R,lR,3S)-3-aceto-5,10-dioxo-l-(2- 

deoxy-2-cUoroeth jlnitros6ureido*I>-glucopyranose ) - 
3,4,5, 10-tetrahydro-lH-naphtho (2,3-c) pyran (BCH- 
10 2038) 

Ofcfc O OAc 



Q^Y^NHCONHCHtCH^CI 

OAc 6*fc O 




OAc 

>CH,C1 



i 




2 I 

OMb O 



O O ^ OMe O 



OH Ph o=<^ OH Ph 

NHCHjCHjO NHCHjCHjCI 




Step li (l'R, 1R, 38)-3-aceto-5,8-dimethoxy-l(2-deoxy-2- 

15 chloroethylureido-3 , 4 , 6-triacety l-D-glucopyranose ) - 

isochroman. 
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2-Deoxy-2-chloroethylureido-3,4,6-triacetyl-D-glucopyranoee was prepared 
following known procedure (Ref : T.P. Johnston, G.S. McCaleb and J .A* 
Montgomery, J- Med. chem. r J£, 104 (1975)). This compound was coupled 
with 3^aeeto-5,8-dimethoxy-iaochroman using DDQ following the general 
5 procedure outlined before (etep 1, example 14). Purification was done 
by column chromatography over silica gel (eluentihexanatBtOAc ■ 7:3) 
yielding the title compound (29.4%) and 1,3-diepimer (31%). 
NKR (acetone-d^; £) of the title compound: 1.91, 1.95, 2.00 (3H, s 
each; acetyl groups) 2.32 (3H, s, keto-methyl), 2.50 (1H, dd, J - 12.3, 

10 17.6 Bz; H-4), 3.01 (1H, dd, J « 4.0, 17.6 Hz; H'-4), 3.49 (2H, m; -NH- 
CH 2 - group), 3.63 (2H, t, J - 6.2 Hz; -CH 2 -C1 group); 3.83, 3.88 (3H, s 
each; Ar-OCB 3 ), 4.14 (4H, m; H-5, B-2, B-6 and H-6 of the sugar 
overlapping), 4.60 (1H, dd, J - 4.1, 12.2 Hz; H-3), 5.08 (pair of 
double-doublets overlapping; H-3 and H-4 of the sugar), 5.46 (1H, d, J «= 

15 3.5 Hz; H-l of the sugar), 5.49 (1H, broad s; -NB-C0-) , 6.02 (1H, s; H- 
1), 6.15 (1H, br signal; CONH-CH 2 ), 6.87, 6.96 (1H, d each, J - 9.0 Hz; 
Ar— H) . 

NMR <acetone-d 6 y 5) of the 1,3-diepimer: 1.92, 2.00, 2.06 (3H, s each; 
acetate-groups), 2.28 (3H, s; keto-methyl), 2.48 (1H, dd, J - 12.0, 17.8 

20 Hz; H-4), 2.91 (IB, dd, J - 4.2, 11.7 Hz; H*-4), 3.26-3.51 (2 

multiplets, IB each; -HN-CB 2 -), 3.56 (2H, t, J « 6.2 Hz; -GH 2 C1), 3.84 
(6H, s; Ar-OCB 3 ), 4.14-4.23 (2B, m; sugar-B), 4.34 (IB, dd, J - 4.7; 
12.1 Bz; sugar-B), 4.62 (2H, dd, another proton overlapped; J - 4.3, 12 
Hz; H-3), 5.05-5.18 (2H, m; H-3 and H-4 of sugar), 5.51 (IB, d, J * 3.7 

25 Hz; H-l of the sugar), 5.81 (1H, d, J - 9.6 Bz; -NH-CO), 5.98 (1H, br, 

triplet; -HH-GB 2 >' 6 * x6 < M ' ■> B ~ x >' 6 ' 91 ' 6a " < 1H ' d #ach ' J " 9 *° 
Bz; Ar-H) • 

Step 2t (l'R, IB, 38) -3-aeeto-5 , 8-di— thozy- 1 ( 2-deoxy-2 - 

30 chloroethylureido-4 , 6-bensylidene-D-glueopyranose ) - 

isochroman 

To a cold solution of triacetyl derivative (120 mg; .19 mmol) in CH3CN 
was added .1 H NaOH (8.6 ml; 4.6 eg.). The mixture was stirred at 0°C 
35 until TLC revealed complete reaction. It was carefully neutralized with 
.1 N HC1 to pH -8 and extracted with ethyl acetate (3x100 ml), washed 
with 2.5% NaHC0 3 -NaCl-solution (1:1) (10 ml), dried and evaporated. To 
a solution of the crude product in DMF (5 ml), benzaldehyde dimethyl 
acetal (30 ply 1.2 eg.) and p-TSA (10 mg; catalytic) was added. The 
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reaction flask was connected to water aspirator and. held at 50°C for 15 
minutes. Sodium bicarbonate solution (2.5%; 10 ml) was added and the 
mixture was extracted with CH 2 C1 2 (3x50 ml), washed with saturated NaCl 
solution, dried and evaporated. The crude product was washed with a 
5 mixture of hexane and ether, yielding pure titled benzylidene derivative 
(77 mg; 68%). 

NHR <acetone-d 6 ; 8) t 2.33 (3H, b, koto-methyl), 2.50 (1H, dd, J - 12.2, 

17.6 Hi; H-4), 2.99 (1H, dd, J - 4.1, 17.6 Hi; H'-4), 3.49 (2H, t, J * 
5.8 Hz; -CH 2 -C1), 3.63 (2H, m, -NH-CH 2 -), 3 * 82 ' 3 - 91 < 3H ' B ' A*- 001 ^)' 

10 4.19 (1H, dd, J - 4.5, 9.6 Hz; augar-B), 4.62 <1H, dd, J - 4.1, 12.2 Hz; 
H-3), 5.46 (1H, d, J » 3.8 Hz; H-l of the sugar), 5.62 (1H, s, -CH Ph), 
5.68 (1H, d, J - 8.5 Hz; -NH-), 6.00 (1H, s, H-l), 6.18 (1H, br 8, -NH 
CH 2 -) r 6.87, 6.95 (1H, d each, J - 8.9 Hz; Ar-H), 7.34 (3H, m; Ar-H), 
7.46 (2H, to; Ar-H) . 

15 

Step 3 (1'R, 1R, 3B)-3-aceto-5,10-dioxo-l-(2-deoxy-2- 

cfcloroethyluraido-4 , 6-beMylidane-D-glucopyranose )-3,4,5, 10- 
tetrahydro-lH-naphtho- [2 , 3-C] pyran 

20 To a solution of benzylidene derivative (77 mg; .127 mmol) in 

acetonitrile (6 ml) was added a solution of eerie ammonium nitrate (146 
mg; .266 mmol) in water (2.5 ml) at room temperature. The mixture was 
stirred for 5 minutes, diluted with water (10 ml), extracted with CH 2 C1 2 
(3x7 5ml), washed with water (15 ml), dried, evaporated. The crude 

25 product (60 mg) was pumped for 2 hours before going to the next step. 
The crude product was taken up in dry toluene (3 ml) and acetoxy- 
butadiene (1.2 ml) was added. The mixture was stirred at room 
temperature for 16 hours. The solution was not quite homogeneous and 
TLC showed some starting material. Acetoxy-butadiene (.5 ml) was 

30 further added and stirred for 20 hours. The mixture was diluted with 
toluene (10 ml). Silica gel (500 mg) was added and air was bubbled 
through the mixture for 1 hour. The crude reaction mixture was passed 
through a column of silica gel (eluent: toluene :EtOAc m 7:3 and 
CH 2 Cl 2 :MeOH - 9:1). Fraction containing the product was further 

35 purified by preparative TLC ( eluent :BtOAc) yielding 12 mg of pure titled 
product (15%) (poor yield because of separation problem). 
NMR (acetone-d 6 ; 8): 2.35 (3H, s; keto-methyl ) , 2.58 (1H, dd, J « 11.4, 

19.7 Hz; H-4), 3.01 (1H, dd, J - 3.9, 19.6 Hz; H'-4) 3.55, 3.67 (m each, 
HN QH 2 -£H 2 C1), 4.22 (1H, dd, J « 4.6, 9.7 Hz; sugar-H), 4.65 (1H, d, J = 
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3.9 Hz; -OH), 4.73 (1H, dd # J - 4.0, 11.4 Hz; H-3), 5.52 (1H, d, J « 3.8 
Hz; H-l of the sugar), 5*63 (2B, br a; CH-Ph and -HH-CO), 5.94 (1H, t f J 
- 5.7 Hz; -HH-CH 2 ), 6.04 (1H, 0/ H-l), 7.33 (3H, m, Ar-H) , 7.46 (3H, m; 
Ar-H) , 7.91 <2H, m, Ar-H), 8.14 (2H, m; Ar-H) • 

5 

Step 4s (1'R, 1R, 38)-3-acato-5,XO-dioxo-l*(2-dMS7-2-ohlorMthyl- 

nitrosoureldo-D-glucopyranosa )-3,4 r 5, 10-tetrahydro- 1H- 
naphtho- [2 , 3-C] pyran 

10 To a solution of benzyl idene derivative (6 rag; .01 mmol) in 96% formic 
acid (1 ml) at 5°C was added NaN0 2 (10 mg) in two portions. The 
reaction was complete in 2 minutes. It was diluted with water (5 ml), 
extracted with CH 2 C1 2 (3x25 ml), washed with water (10 ml; 15 ml), dried 
over Na 2 S04 and evaporated. The crude product (4.5 mg) was passed 

15 through a small column of silica gel (eluenttEtOAc and 10% methanol in 
CH 2 C1 2 ) yielding pure titled product (yield - .9 mg; 17%) (HPLC:92%) 
HMR (acetone-d 6 ; 6); 2.35 (3H, s, kato-methyl ) , 2.51 (1H, dd, J » 12.9, 
19.2 Hz; H-4), 2.98 (1H, dd, J - 4.1, 19.6 Hz; H'-4), 3*52-3.89 (two 
multiplets; some of the sugar protons, and overlapping A 2 B 2 system due 

20 to -HN(CH 2 ) 2 C1), 4.08 (H, dd, J » 3.S, 6.0 Hz; sugar-H), 4.26 (1H, dd, J 
" 11.3 Hz; sugar-H), 4.43 (1H, dd, J - 4.7, 7.5 Hz; sugar-H), 4.66 

(1H, dd, J * 4.0, 11.5 Hz; H-3), 5.66 (1H, d, J « 3.6; H-l of the 
sugar), 5.99 (1H, s, H-l), 7.59 (1H, d, J - 8.6 Hz; NH-OO), 7.88, 8.08 
(two multiplets, Ar-H)* 

25 

Example 44 s Preparation of 3-aceto-5 , 10-dioxo-l-m*thoxy-5 , 10- 

dihydro-lH-naphtho [2,3-c] pyran (BCH-2129) 

O OMb O OMe 

BCH-2129 

3-Aceto-5 , lO-dioxo-l-methoxy-5 , 10-dihydro- IH-naphtho- (2,3- 
c) -pyran (BCH-2129) 

To a solution of 3-acetyl-5,10-dioxo- l-methoxy-3, 4-5, 10-tetrahydro- 1H- 
35 naphtho (2,3-c) pyran (50 mg, .175 mmole) in GH3CN (8 ml) and THF (4 ml) 



30 

Step li 



151 

SUBSTt'TUTS SHEET 



WO 94/11382 



PCT/CA93/00463 



at o*C was added 0.5N sodium hydroxide (1 equiv.). Th« mixture waa 
stirred at 0°d for 15 minutes and it wan allowed to come to room 
temperature. After 1.5 hour at room temperature the mixture was 
acidified with dil. HC1 to pH-6. Saturated HH 4 C1 (5 ml) was added and 
5 the mixture was extracted with CH 2 C1 2 (3x50 ml), washed with water (10 
ml), dried and evaporated. The crude titled product was subjected to 
preparative TLC (elusnt: toluene*BtO*e-96t4) and pure product was 
isolated as a light yellow solid, mp. 154-56°C (3mg; 6%). 
NMR (acetone-d 6 , 8)t 2.50 (3H, s,ketomethyl) , 3.63 (3H,s,-OCH 3 ), 6.42 
10 (lH,s,H-l), 7.11 <lH,s?H«4), 7.92 (2H,a* Ar-H) , 8.14 (2H,m;Ar-H) . 

Example 45t Preparation of (Ul,3S) and (lS,3R)-3-aceto-5,10-dioxo 

1 (4-chloroethylnitrosoureido cyclohexyl-oxy)- 
3,4,5, 10-tetrabydro-lH-naphtho [2,3-cJ pyraa (BCH- 
15 2114) 




BCH-21U 



Step Is (lR r 38> and <18,3R)-3-Aceto-l < 4-chloroethy lureido- 

20 cyclohexyloxy ) -5 , 8-dimethoxy-isochroman 

3-Acetyl isochroman was coupled to 4-chloroethyl ureido-cyclohexanol 
(prepared by known procedure, ref.: T.P. Johnston, G.S. McCaleb, P.S. 
Opliger, W.R. Laster and J.A. Montgomery, J. Med. Chenu, 11, 600 (1971)) 
25 using DDQ following the general procedure (step 1, example 14). 

Enantiomeric mixture of the titled products was isolated from the crude 
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reaction mixture by column chromatography over silica gel (eluent: 50% 
and 80% EtOAc in hexane) yield«100mg (52%). 

NMR (acetone-dg/5) : 1.26-1.48 (two mult ipl ate; CH 2 -groups of cyclohexyl 
ring), 1*78-1.80 (multlplet,-CH 2 of cyclohexyl ring), 2.27 (3H, 8, keto- 
5 methyl), 2.45 (1H, dd, J ■ 12.1, 17.8 Hz; H-4), 2.90 (1H, dd, J - 4.2, 
17.7 Hz; H'-4), 3.42 (2H, m; -HNCH 2 C1), 3.59 (2B, t, J - 6.0 Hz; -CH2- 
Cl), 3.78, 3.79 (3H, ■ each, Ar-OCH 3 ), 3.86 (1H, my H-l of the 
cyclohexyl ring), 4.61 (IB, dd, J - 4.2, 12.0 Hz; H-3), 5.51 (1H, d, 
J « 7.4 Hz; -NH-CO-), 5.67 (1H, br signal; -CONHCH 2 -) , 5.90 (1H, a, H- 
10 1), 6.79, 6.87 (1H P d each, J - 8.9 Hz; Ar-H). 



15 



30 



Step 2s (1R,38) and (18,3R)-3-Aeeto-5,10-dioxo-l (4- 

chloroethy lureido cyclohexy 1-oxy ) -3 , 4 , 5 , 10-tetrahydro-lH- 
aaphtno- ( 2 , 3-c ) -pyran 



CAN oxidation was performed on the dimethoxy-isochroman from step 1 
herein (35 mg; .077 mmole) following the general procedure (step 2, 
example 14). 

The crude pr o du ct (32 mg) was dissolved in dry toluene (3 ml) and 
20 acetoxybutadlene (0.5 ml) was added. The mixture was stirred at room 
temperature for 18 hours. Silica gel (500 mg) was added and air was 
bubbled for .5 hour. The crude product was passed through a column of 
silica gel (30% StOAc in toluene, 50% EtOAc in Toluene, and CH 2 C1 2 : 
MeOH«19:l as eloents) yielding pure tricyclic titled compounds (15 mg; 
25 yield 41%). 

HMR (acetone-deft)! 1.24-1.54 (6H, m, CH 2 group of the cyclohexyl ring), 
2.30 (3H, e, ketemmthyl), 2.51 (IB, dd, J - 11.6, 19.5 Hz; H-4), 3.42 
(2B, m; -HBC^-O^Cl ) , 3.60 (2H, t, J - 6.2 Hz; -CH 2 C1), 3.95 (1H, m, H- 
1 of the cyclohexyl ring), 4.64 (1H, dd, J - 4.2, 11.5 Hz; B-3), 5.54 
(IB, br d, J - 6.9 Hz; HBCO-), 5.69 (1H, br signal; -CONH-CH 2 -), 5.92 
(1H, a; B-l), 7.86-7.91 (2H, m; Ar-H), 6.06-8.10 (2B, m; ArB). 



Step 3: (IK, 38) and (lS,3R)-3-aceto-5,10-dioxo-l (4- 

chloroethy Initrosoureido cyclohexy 1-oxy )-3,4,5, 10- 
35 tetrahydro- lH-naphtho- ( 2 , 3-c ) -pyran (BCH-2114) 

To a solution of chloroethyl ureido-derivative from atep 2 herein (14 
mg, .03 mmole) in formic acid (1.2 ml) at 5°C was added sodium nitrite 
(20 mg) in two portions. Reaction was complete in 3 minutes. It was 
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10 



diluted with water (10 ml), extracted with CH 2 C1 2 (3x50 ml), washed with 
water (2x10 ml), dried and evaporated. The crude product was purified 
by passing through a small column of silica gel (eluent: 1% methanol in 
CH 2 C1 2 ) and finally by washing with hexane-ether mixture yielding pure 
titled nitroso-derivative, mp-58-63°C (yield«5 mg;34%). 
NMR <acetone-d 6 ;5): 1.48-1.80 (6H,m;CH 2 of the cyclohexyl group), 2.32 
(3H,s,*etomethyl), 2.52 (lH,dd, J-11.6, 19.6H*/H-4>, 2.93 
(lH,dd,J«4.3,19.7Hz;H'-4), 3.60 (2H,t, J«6.5H*|-CH 2 -C1) * 3.76-4.05 (m,H-l 
and H-4 of the cyclohexyl group), 4.16 <2H,t, J«6.6H*;-N(NO)CH 2 -> r 4.66 
(lH,dd,J«4.3,11.4Hs/H-3), 5.97 (1H,S,H-1), 7.77 (lH,br.d, J= 7.8Hz /-NHCO- 
), 7.87-7.90 (2H,a;Ar-H) , 8.07-8.11 (2H,o/Ar— H) • 



15 



Bxample 46 1 Using the same earboxylic acid as described in Example 

16, l-msthoxy-5 , 10-dioxo-3 ,4,5, 10-tetrahydro-lH- 
naphtho- [2 , 3-c] -pyran-3-carboxa*ides were prepared 




NK2R 



0CH, 




OCHs 



Stop: 1, 

R-C6H5 



ZRvCHsCHxCH,' 



-6 



BCH-2044 



BOU166 



Step 1 1 l-Mthozy-3-M-aniliAylcarbonyl-5 , 10-dioxo-5 , 10-dihydro-lH- 

20 naphtho- [ 2 , 3-c ] -pyran (BCH-2044) 

Using a similar procedure as described in step 7, example 16, the 
carboxylic acid from step 6, example 16, was converted to the titled 
compound . 
25 dec. 140°Cf m.p. 200 e C. 
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*H NMR (CD CI 3, 250 MHz, Brukar) x 5, 3.68 (3H, s, OCH3), 6.48 (1H, s, 1- 
CH), 7.18 (1H, tr, J - 7.6 Hz, p-Ani-H), 7.49 (2H, tr, J » 8.0 Hz, ra- 
Ani-B), 7.50 (1H, a, 4-GH) , 7.66 (2H, d, J - 7.8 Hz, O-Ani-H), 7.79 (2H, 
m, 7, 8-ArH) , 8.15 (2H, m, 6, 9-ArH) , 8.40 (1H, b, NHCO) • 
5 IR (Nicolet , 205 FT, film on NaCl plate): cm" 1 , 3322.9, 2929.3 2848.3, 
1682.9, 1659.8, 1594.2, 1527.7, 1443.7, 1374.2, 1297.0, 1258.4, 1063.2, 
947.6, 863.1, 719.7, 693.6. 

Step 2: l-»^thoxy-3-(3-M-pyrroli^lijio«ylpropylamiJioc*rbonyl)-5 , 10- 

10 dioxo-5 , 10-dihydro- IH-naphtfco- [ 2 , 3-c ] -py ran <BCH~2166) 

60 mg of the acid from step 6, example 16, was dissolved in 6.8 ml of 
dry THF, cooled to 0°C and 63 |U of oxalyl chloride was added. The 
mixture was allowed to stir at 0°C for 20 minutes, and then at room 

15 temperature for 20 minutes. The solvent was then evaporated, the 

residue was redissolved in dichl oromet hane and evaporated, and then the 
residue was again dissolved into dry THF. The solution was cooled to - 
10°c. 29.3 ul of triethylamine and 19.90 \il of 1- < 3-aminopropyl ) -2- 
pyrrolidinone was added and allowed to stir for 45 minutes at -10°C and 

20 then 2 hours at room temperature. The solvent was then evaporated to 
half of its original volume, the remaining solution was poured onto sat. 
brine and extracted into dichloromethane. The organic layer was then 
washed with sat. sodium bicarbonate solution, dried over sodium sulfate, 
and evaporated to dryness to give 24 mg of pure titled product. 

25 RMR (CDCI3 250 MHz, Brukar): 5, 1.86 (2H, Quin, J - 6.6 Hz, C-CH 2 -C), 
2.08 (2H, Quin, J - 7.5 Hz, 4 • -pyrr-CH 2 ) , 2.45 (2H, t, J » 7.5 Hz, 3*- 
pyrr-C8 2 ), 3.15-3.34 (2H, m, C0NBCH 2 ), 3.36-3.5$ (4H, m, CH 2 -pyrr, 5 V - 
pyrr-CH 2 ), 3.74 (3H, s, -OCH3), 6.43 (s, 1H, 4-CH), 7.32 (s, 1H, 1~CH), 
7.70-7.78 (2H, m, 6, 9-ArH) , 8.08-8.16 (3H, m, 7, 8-ArH, HH) • 

30 IR (Nicolet, 205 FT, film on NaCl plate): cm" 1 , 3320.9, 2936.7, 2871.3, 
1679.9, 1658.1, 1597.0, 1527.2, 1335.2, 1291.5, 1278.4, 1062.1, 947.98, 
857.41, 801.34, 723.70. 

Step 3 s (3-H-imidamolylpropyl)-l-esthoxy-5 , 10-dioxo-5 , 10-dihydro- 1H- 

35 naphtho- [ 2 , 3-c ] -py ran-3-carboxamide 

To a stirred solution of acod from step 6, example 16, (0.185 mmol, 53 
mg) and catalytic amounts of DMF in 6 ml of THF at 0°C was added oxalyl 
chloride (0.426 mmol). After stirring at 0°C for one hour, and at room 
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temperature for a further 20 minutes, the solvent was evaporated to 
dryness. 6 ml of THF was then added, and the mixture divided into two. 
3 ml of solution was then cooled to -10°C, and l-(3-amminopropyl)- 
imidazole (8.39 |il, 0.20 mmol) dissolved in 1 ml of THF was added 
5 dropwise. The mixture was allowed ta stir for one hour at which time it 
was poured onto sat. sodium bicarbonate solution, extracted into 
methylene chloride, washed with brine, dried over sodium sulfate and the 
solvent evaporated. Purification on TLC using 8% methanol /chloroform 
system produced 6 mg of pure titled product. 
10 *H NMR (acetone -6$, 250 KHz, tauter) , 6: 2,10 (m, 2H, CH 2 -imLii*zol) , 

3.42 (m, 2H, C-CH2~ C >' 3 * 60 < B ' 3H ' OCH 3>» 4 ' 14 2H ' CH 2 HCO ' 6 * 34 < fl ' 

1H, 4-CH), 6.96 (8, 1H, 4-CH (imidazol)), 7.16 (s, 1H, 1-CH) , 7*18 (8, 
1H, 5-CH (iaidaiol)), 7.70 (s, 1H, 2-CH (imidaxol)), 7.90 (m, 2H, 6, 9- 
ArH) , 8.12 (m, 2B, 7, 8-ArH), 8.29 (m, 1H, HH). 
15 IR (Nicolet 205 FT, f ilm on NaCl plate), cm" 1 : 3313.5, 2932.1, 2853.4, 
1676.1, 1665.4, 1593.2, 1552.8, 1334.1, 1274.0, 1087.5, 950.72, 859.52, 
718.64. 

Step 4 1 ( 3 ■ hydrochloroimidasolylpropyl ) -l-methoxy-5 , 10-dioxo-5 , 10- 

20 difcydro-lfi-naphtho- [ 2 , 3-c ] -pyran-3-carbox*mids (BCH-2157) 

6 mg of product from step 3 herein was dissolved in 2 ml of ether. To 
this was added 6 ^ of IX HCl/ether solution (from Aldrich). The 
mixture was stirred, and then the solvent evaporated to give 6.7 mg of 
25 the BC1 salt. 

X H HMR (acetone d$, 250 MHz, Bruker) for salt, 8: 2.29 (m, 2B, GH 2 ~ 
imidasol), 3.53 (a, 2B, C-CH 2 -C) , 3.62 (s, 3H, 0CH 3 ), 4.50 (m, 2B, 
CH 2 HH00), 6.33 (S, 1H, 4-CH), 7.14 (s, 1H, 1-CH), 7.55 (s, 1H, 5- 
CH(imi)), 7.76 (8, IB, 4-CH(imi)), 7.88 (m, 2H, 7, 8-ArH), 8.05 (m, 2H, 
30 6, 9-ArH) , 8.64 (m, IB, HH) , 9.285 (s, 1H, 2-CH(imi)). 

IR (Nicolet 205 FT, film on NaCl plate) cm* 1 : 3345.8, 1676.5, 1652.2, 
1527.0, 1280.4, 1090.9, 955.01. 

Preparation of 3-ethyltaiocarbonyl-l,3,4,5,10- 
pentahydro-5 , 10-dioro-naphtho- [ 2 , 3-c ] pyran (BCH-2003) 
and 3- ( 5 • -tosy loxasoly 1 ) - 1 , 3 , 4 , 5 , 10-pentaaydro-5 , 10- 
dioxo-naphtho- [ 2 , 3-c ] -pyran (BCH-2155) 



Bxample 47: 

35 
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CH, CH, 
^6 




Step It 3-etAvltbJjocarboayl-5,B-dJj»ethoxy-±socJuPOS*n 

5 5 , 8-dimethoxy-3-carboxyisochranian (300 mg, 1.26 mnol) in THF (6 ml) was 
stirred with l,l*-caxbonyldiimidazole (225 mg, 1.386 mnol) at room 
temperature for 30 minutes. More THF (6 ml) was added to dilute the 
forming suspension. After one hour, ethane thiol (103 |ll, 1.40 mmol) was 
added and the mixture was stirred for 18 hours at room temperature* 
10 Solvent was evaporated and the crude titled product was chromatographed 
(hex:RtOAc * 4tl) to give desired product as a solid (200 mg, m.p. 99.2° 
C). 

X H NMR (GDC1 3 , 250 MHz, Bruker) : 6, 1.28 (3B, tr, J « 7.6 Hz, CH 3 ), 
2.68 (1H, dd, J - 17.6 Hz, 11.2 Bz, 4-BCB a ), 2.92 <1H, qua, J « 7.6 Hz, 
15 -CH 2 -), 3.12 (IB, dd, J - 11.2 Hz, 3.5 Bz, 4-HCH^, 3.76 (3H, s, OCB3), 
3.78 (3H, e r OCH3), 4.24 (IB, dd, J - 11.2 Bz, 3.0 Hz, 3-GB), 4.70 (1H, 
d, J * 15.3 Bz, l-HCH a ), 5.06 (IB, d, J - 15.3 Bz, l-HCH e ), 6.64 (IB, d, 
J « 8.0 Bz, ArH) , 6.67 (IB, d, J - 8.0 Bz, ArB). 

IR (Nicolet , 205 FT, film on NaCl plate): cm" 1 , 2936.2 2836.2, 1679.2 
20 1604.8, 1486.8, 1461.8, 1258.5 ,1094.3, 1078.9, 1022.5, 796.81, 714.69. 

Step 2: 3-ethylthiocarbony 1-5 , 8-dioxo-l ,3,4,5, 8-p«nta- lH-banio- [2,3- 
c J -py ran 
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The compound from step 1 herein (100 mg, 0*35 mmol) was die solved in 
acetonitrile (6 ml), then cooled to 0°C. Sodium bicarbonate (58.8 mg, 
0.7 mmol) was added. This wan followed by addition of a solution of 
5 ammonium cerium nitrate (583 mg, .0063 mmol) in 2 ml. of water. The 
reaction mixture was allowed stirred for 5 minutes at 0°C. TLC showed 
completion of the reaction. It was poured to water and extracted with 
methylene chloride. The organic layer was dried over Na 2 SC>4 and 
evaporated to give a crude titled product (83 mg) • 

10 X H NMR (CDCI3, 250 MHz, Bruker) 2 5, 1*24 (3H f tr, J » 7.6 Hz, CH 3 ), 
2.51 (1H, dd tr, J ■ 17.6 Hz, 9.2 Hz, 3 Hz, 4-HGB A ), 2.85 (1H, d, J - 
17.6 Hz, 4-HCa^), 2.88 (1H, qua, J - 7.6 Hz, -CH 2 -), 4.18 (1H, dd, J « 
9.2 Hz, 3 Hz, 3-CH), 4.47 (1H, d tr, J * 17.5 Hz, 3 Hz, l-HCB a ) , 4.81 
(1H, br d, J « 17.6 Hz, 1-HCH^, 6.71 (1H, d, J - 9.7 Hz, Quin-H) , 6.76 

15 (1H, d, J « 9.7 H, Quin~H). 

IR (Nicolet , 205 FT, film on HaCl plate): cm** 1 , 2972.6, 2929.5, 
2882.4, 1678.5, 1655.5, 1599.3, 1418.9,. 1313.1, 1147.5, 1125.6, 993.09, 
827.00, 766.77, 729.32, 667.58, 629.13. 

20 Step 3 s 3-ethylthiocarbonyl-S , 8-dloxo-l ,3,4,5, 10-pantahydro-naphtho- 



The co mp ound from step 2 herein (42 mg, 0.167 mmol) in toluene (6 ml) 
was stirred with l-acetoxy-l,3-butadiene (119 jil, 1.0 mmol) at 60°C for 
25 22 hours* Solvent was evaporated and the crude product waB 

chromatographed ( toluene /BtOAc « 100/15) to give desired titled product 
(41 mg) as a solid (aw p. 95.4-96. 5°C) • 

X H NMR (CDCI3, 250 MHz, Bruker): S, 1.26 (3H, tr, J - 7.6 Hz, GH 3 ), 
2.65 (1H, dd tr, J - 19.4 Hz, 9.4 Hz, 3 Hz, 4-HCH a ), 2.91 (2H, qua, J - 
30 7.6 Hz, CH 2 ), 3.04 (1H, d tr, J • 19.4 Hz, 3 Hz, 4-BGHe) , 4.25 (1H, dd, 
J - 9.4 Hz, 3 Hz, 3-CH), 4.61 (IB, d tr, J * 18.2 Hz, 3 Hz, l-HCH a ), 
4.97 (1H, dd, J - 18.2 Hz, 1.8 Hz, l-HCH e ) , 7.71 (2H, m, 7, 8-ArH ) , 8.04 
(2H, m, 6, 9-ArH) . 

ZR (Nicolet , 205 FT, film on NaCl plate): cm" 1 , 2969.3, 2931.3, 
35 2874.3, 1680.8, 1661.8, 1641.4, 1594.2, 1334.2, 1296.4, 1175.1, 1108.9, 
1027.0, 874.2, 787.5, 694.6. 

Step 4: 3- ( S » -tosy loxasoly 1 ) -5 , 8-dim e t h oxy isochroman 



[2,3-c]-pyran (BCH-2003) 
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To 5 , 8-djjrat>hoxy-3-carboxyiaochroaan (211 mg, 0.887 mmol) dissolved in 
THF (2.0 ml) cooled to 0°C was added oxalyl chloride (86.09 ul, 
0.975 mmol). The mixture vae atirred for 20 minutes then at room - 
temperature for 20 minutes. The reaction mixture was evaporated to 
5 dryness to give desired acid chloride. It was redissolved in THF (4 ml) 
and cooled to -78°C. A solution of tosylmethyl isocyamide anion (made 
from the treatment of tosylmethyl isocyamide, 180 mg, 0.92 mmol, by n- 
butyllithium, 1.6 M in hexane, 0.61 ml, 0.975 mmol at -78°C for 10 
minutes) was added to the above cold acid chloride solution. The 

10 reaction mixture was stirred for 24 hours as it warmed to room 

tempeture. Then, it was poured to NH4CI (sat.) and extracted with 
methylene chloride. The organic layer was dried (over Na 2 S04> and 
evaporated to give a crude product which was chromatographed to give the 
desired titled product as a white, solid 115 mg, m.p. 138-140°C. 

IS *H NMR (GDCI3, 250 MHz, Bruker): 6, 2.41 (3H, s, tosy-GH 3 ), 2.99 (2H, 
d, J » 7.4 Hz, 4-CH 2 ), 3.76 (6H, s, 2xGH 3 ), 4.85 (1H, d, J « 17.5 Hz, 1- 
HCH a ), 4.03 (1H, d, J « 17.5 Hz, 1-HgGH) , 5.54 (1H, tr, J * 7.4 Hz, 3- 
CH), 6.67 (2H, br a, 6, 7-ArH) , 7.33 (2H, d, J * 8.2 Hz, 3', 5', tosyl- 
B), 7.82 (1H, s, oxa-H), 7.92 (2H, J * 8.2 Hz, 2, 6-tosyl-H) . 

20 IR (Nicolet 205 FT, film on NaCl plate): cm* 1 , 3134.2, 2951.5, 2837.5, 
1595.5, 1511.7, 1485.6, 1463.6, 1437.5, 1331.7, 1261.6, 1194.3, 1149.0, 
1089.9, 1072.0, 809.60, 798.61. 

Step 5 s 3- ( 5 ' -tosyloxaiolyl ) -5 , 8-dioxo-l , 3 , 4 , S , 8-pentahydrobsnao— 

25 [2,3-c]-pyran 

The compound from step 4 herein (10 mg, 0.024 mmol) was dissolved in 
acetonitrile (2 ml) and cooled to 0°C. A solution of ammonium cerium 
nitrate (39.5 mg, 0.072 mmol) in 0.5 ml of water was added dropwise. 
30 The reaction mixture was stirred at 0°C for 5 minutes, then poured to 
water and extracted with dichloromethane . The organic layer was washed 
with brine, dried and evaporated to give the titled compound as a white 
solid (9 mg, dec. 150°C; m.p. 177°C) . 

X B NMR (CDCI3, 250 MHz, Bruker): 5, 2.42 (3B, s, tosyl-GH 3 ), 2.82 <2H, 
35 m, 4-GH 2 >' 4.65 (1H, d tr, J * 17.6 Hz, 4.1 Hz, l-HCH a ) , 4.82 (1H, d tr, 
J « 17.6 Hz, 1.8 Hz, 1-HGHe), 5.52 (1H, tr, J « 7.0 Hz, 3-CH), 6.75 (1H, 
d, J « 9.1 Hz, quin-H), 6.81 (1H, d, J « 9.1 Hz, quin-H), 7.35 (2H, d, J 
« 8.2 Hz, 3', S'-tosyl-H), 7.83 (1H, s, oxa-H), 7.90 (2H, d, J - 8.2 Hz, 
2 f , e'-tosyl-H). 
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Step 6 r 3- ( S ' -tosyloxasolyl ) -5 , 10-dioxo-l ,3,4,5, 10~p«nt*hydro- 

naphtho- [ 2 , 3 - c ] -py ran (BCH-2155) 

5 A solution of tosyloxazolyl pyranoqu inone from step 5 herein in 4 ml of 
toluene and 0.5 ml of tetrahydrofuran (9 mg, 0*023 mmol) was heated with 
1-acetoxy 1 , 3 -butadiene (55 0.47 mmol) at 50°C for 20 hours. 
Solvent was evaporated to dryness and the crude product was purified by 
means of chromatography (Tol:EtOAc«100:15) to give desired titled 
10 product as a light colored solid (6.6 mg obtained). 
M.P. >240°C. 

1 H NMR (CDC1 3 , 250 MHz, Bruker) : 5, 2.43 (3H, 8, ArCH 3 ), 2.99 (2H, m, 
4-CH 2 ) r 4.78 (1H, d tr, J - 18.8 Hz, 3.3 Hz, l-HCH a ), 4.96 (1H, d, J - 
18.8 Hz, 1-HCH G ), 5.57 (1H, dd, J - 8.9 Hz, 5.0 Hz, 3-CH) , 7.36 (2H, d, 
15 J m 8.2 Hz, 3*, S'-toayl-H), 7.75 (2H, m, 7, 8-ArH), 7.85 (1H, s, oxa- 
H), 7.92 (2H, d, J « 8.2 Hz, 2", 6'-tozyl-H), 8.11 (2H, m, 6, 9-ArH) . 
IR (Nicolet 205 FT, film on NaCl plate): cm" 1 , 2955.7, 2921.3, 2854.0, 
1662.8 (str), 1592.2, 1508.6, 1398.6, 1334.6, 1319.9, 1298. 5, 1147.6, 
1106.6, 1086.9, 1013.0, 811.2, 794.8. 

20 

Example 48: Preparation of (l*S,18,3R)-l-(3 '-trifluoroacetaaido- 

2 • , 3 • , 6 • -trideoxy-lyxo-I#-hexopy ranose ) -3- 
me 1 ho ■ 1 carbony 1-3-mathy 1-3 ,4,5, 10-tetrahydro-5 , 10* 
dioxo-naphtho- [ 2 , 3-c ] pyran (8CH-2076) 

25 
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OCH, O O O 




. BCH-2076 

Step 1 1 (1*8, IS, 3R> - l- ( 4 • -p-nitroben«oyl-3 • -trif luoroacataaido- 

2 • , 3 • , 6 • -trideoxy-lyxohexopyraaose) -3 mst boxy -carbony 1-3- 
5 methy 1-5 , 8-dioxo-4 , 5 , 8-trihydro-lH-benso- ( 2 , 3-c ] -pyrin 

( 1 • S , IS , 3R) 1- ( 2 • , 3 • , 6 • -trideoxy-3-trifluoroacetamido-4 ■ -O-p- 
nitrobenzoyl-L-lyxohexopyranose-5 , 8-dimethoxy-3-aceto-3-nnethylisochroaan 
(62 mg, 0.0945 mmol) in acetonitrile (3 ml) was stirred at 0°C while a 

10 solution of ammonium cerium nitrate (165.5 mg, 0.284 nmol) in water (1.5 
ml), pre-treated with sodium bicarbonate (15.1 mg, 0.18 mmol), was added 
dropwise. The solution was stirred for 5 minutes at 0°C then poured to 
water and extracted with dichloromethane. The organic layer was dried 
and evaporated to give desired titled product (40 mg, 0*064 mmol). 

IS X H NMR (CDC1 3 250 MHz, Bruker): 6, 1.27 (3H, d, J - 6.5 Hz, 6*-GH 3 ), 
1.57 (3H, 8, 3-CCH3), 1.91 (1H, dd, J - 11.8 Hz, 4.7 Hz, 2'-CH), 2.10 
(1H, d tr, J « 11.8 Hz, 3.6 Hz, 2 f -CH), 2.72 (1H, d, J « 17.9 Hz, 4-CH) , 
2.94 (1H, dd, J - 17.9 Hz, 0.9 Hz, 4-CH), 3.75 (3H, 8, OCH3), 4.54 (1H, 
m, 3 a -CH), 4.64 (1H, qua, J - 6.5 Hz, 5*-GH), 5.40 (IB, 8, 4«-CH), 5.65 

20 (IB, d, J - 2.4 Hz, l'-CH), 6.06 (IB, b, 1-CH), 6.52 (1H, d, J - 8.2 Hz, 
NBOOGP3), 6.77 (1H, d, J * 10 Hz, Quin-H), 6.83 (1H, d, J « lOBz, Quin- 
H), 8.27 (4H, m, PNB) • 
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IR (Nicolet, 205 FT, film on Nad plat*): cm -1 , 3336.1, 3083.4, 2956.1, 
2849.7, 1734.5, 1664.2, 1529.4, 1352.7, 1272.9, 1162.7, 989.8, 949.9, 
839.70, 721.95. 

5 Step 2i (1'S, IS, 3R)-l-(4 l -p-aitrob«i«oyl-3 , -tri£luoro«c«t«mido- 

2 * , 3 ' , 6 ' -trideoxy-lyxohexopyranose ) -3-»ethoxy-carboiiyl-3- 
metfayl-5 , 10-dioxo-4 , 5 , 10-trihydro-lH-naphtho- [2,3-cJ -pyran 

The titled compound was obtained as per procedure described in step 2, 

10 example 5, but using the quinone from etep 1 herein. 

X H NMR (C0C1 3 250 MHz, Broker): 5, 1.32 (3H # d r J - 6.6 Hz, 6'-CH 3 ), 
1.95 (1H, dd, J - 12.4 Hz, 5.0 Hz, 2'-CH), 2.10 (1H, d tr, J « 12.4 Hz, 
3.5 Hz, 2--CH), 2.88 <1H, d, J - 18.2 Hz, 4-CH), 3.13 (1H, dd, J « 18.2 
Hz, 1.0 Hz, 4-CH), 3.75 (3H, e, OCH3), 4.56 (1H, m, 3'-CH), 4.76 (1H, 

15 qua, J « 6.6 Hz, 5--CH), 5.45 (1H, s, 4'-CH), 5.72 (1H, d, J » 2.0 Hz, 
l'-CH), 6.26 (1H, 8, 1-CH), 6.45 (1H, d, J - 7.1 Hz, NHCOCF3), 7.78 (2H, 
m, 7, 8-ArH), 8.12 <2H, m, 6, 9-ArH) , 8.29 (4H, m, PNB) • IR (Hicolet, 
205 FT, film on MaCl plate): cm" 1 , 3329.3, 2955.6, 2926.9, 2855.3, 
1732.9, 1709.5, 1668.3, 1596.8, 1532.3, 1349.5, 1272.6, 1217.6, 1184.7, 

20 1164.1, 996.5, 952.5, 729.90, 720.30. 

Step 3s (1*8, IS, 3R)-l-(3 , -trifluoroacetamido-2 1 ,3 • ,6 •-tridaoxy-L- 

lyxohajtopyranose) -5 , 10-dioxo-4 , 5 , 10-trihydro-lH-naphtbo- 
[2,3-c)-pyran (BCH-2076) 

25 

The titled compound vu obtained from the glycoside from step 2 herein 
via base hydrolysis as per procedure described in step 3, example 5. 

A H NMR (CDCI3, 250 MHz, Bruksr) : 5, 1.38 (3H, d, J « 6.0 Hz, 6'-CH 3 ), 
1.60 (3H, 8, 3-CCH3), 1.85 (1H, d, J « 6.8 Hz, 4'-OH), 1.85 (1H, dd, J « 

30 9.4 Hz, 2.6 Hz, 2 f -HCH a ), 1.96 (1H, d, J » 9.4 Hz, 2 , -HCH e ), 2.87 (1H, 
d, 0 « 18.8 Hz, 4-HCB a ), 3.12 (1H, dd, J - 18.8 Hz, 0.6 Hz, 4-HCHe), 
3.63 (1H, br d, J « 6.8 Hz, 4 f -CH), 3.75 (3H, s, OCH3), 4.28 (1H, qua, J 
« 8.8 Hz, 3'-CH), 4.55 (1H, qua, J « 6.0 Hz, 5'-CH), 5.54 (IB, s, 1'- 
CB), 6.21 (1H, s, 1-CH), 6.71 (1H, br d, J » 9.4 Hz, NHCOCF3), 7.75 (2H, 

35 m, 7, 8-ArH), 8.11 (2H, m, 6, 9-ArH), 

IR (Hicolet , 205 FT, film on NaCl plate): cm" 1 , 3420.1 (br str), 
2955.6, 1718.7, 1668.3, 1595.5, 1377.3, 1329.7, 1287.7, 1161.8, 982.68, 
921.12, 730.64. 
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Bxaapla 49 1 ( 1 , 3-trans ) -anlin*- ( l-»athoxy-5 , 10~dioxo-3 ,4,5, 10- 

tet r ahydro- IB-naphtho- [2, 3-c ) -pyrin ) -3-carboxamide 
(BCH-2041) and ( 1 , 3-cis ) -anlin*- ( l-Nthoxy-5 , 10-dioxo- 
3,4,5 , 1 0- t etrahydro- lH-naphtho- { 2 , 3-c ) -pyran)-3- 
5 carboxamide (BCH-2042) 



o 




BOM041 BOWD42 

Step Is 

10 

The compound from step 3, example 16, (21 mg r 0.0695 mmol) was dissolved 
in aeetonitrile (10 ml) and then cooled to 0°C. NaOH (0.1 M f 1.4 ml, 
0.14 mmol) solution was then added slowly* After 10 minutes, the brown 
solution was poured to water, extracted with ethyl acetate. The aqueous 

15 layer was acidified with dilute HC1 and extracted with ethyl acetate. 
The organic layer containing acid was dried and evaporated to give a 
mixture of 3 products (18 mg). Chromatography (CBCl 3 /MeOH/HOAc «= 
100:15:2) allowed separation of the 3 compounds. One of the products 
was the same as the one obtained in step 6, example 16, and had: 

20 *H NMR (CD3OOCD3, 250 MHz, Bruxer): 8, 3.58 (3H, s, OCH3), 6.36 (1H, s, 
1-CH), 7.22 (1H, s, 4-CH), 7.91 (2H, m, 7, 8-ArH), 8.12 (2H, m, 6, 9- 
ArH) . 
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The ■•cond product <l,3-trans)-l^»ethoxy-3-carboxyl-5,10-dioxo-3,4, 5,10- 
tetrahydxo-lH-naphtho-[2,3-c]-pyran, BCH-2045 had: 

a H HMR {CD3SOCD3 250 MHz, Brukor) : 5, 2.55 <1H, dd, J = 18.5 Hz, 12.4 
Hz, 4-HCH a ), 2.88 (1H, dd, J - 18.5 Hz, 3.5 Hz, 4-HCH e ), 3.47 (3H, 8, 
5 OCH3), 4.49 (1H, dd, J - 12.4 Hz, 3.5 Hz, 3-CH>, 5.55 (1H, 8, 1-CH), 

7.88 (2H, m, 7, 8-ArH) , 8.00 (2H, m, 6, 9-ArH). 

IR (Nicolet , 205 FT, film on NaCl plate): cm* 1 , 3549.2-3183.8, 2922.8, 
1722*1, 1289.0, 1107.4, 1012.3, 951.08, 808.9, 793. S. 

The third product: (l,3-ciB)-l-«ethoxy-3-carDOxyl-5,10-dioxo-3,4,5,10- 
10 tetr ahydro-lH-naphtho- (2,3-c) -pyxan , (BCH-2119), hadt 

X H HMR (CD3SOCD3 250 MHz, Broker): 5, 1.28 (1H, dd, J - 15.3 Hz, 11.5 
Hz, 4-HCH a ), 2.58 (1H, dd, J - 11.5 Hz, 2.9 Hz, 4-HCH a ), 3.45 <3H, 8, 
OCH3), 4.17 (1H, dd, J - 11.5 Hz, 2.9 Hz, 3-CH), 5.62 <1H, 8, 1-CH), 

7.89 (4H, m, 6, 7, 8, 9-ArH) . 

15 

Step 2t ( 1 , 3-trans ) -l-Mthoxy-3-M-axiiliiiy lcarbony 1-5 , 10-dioxo- 

3,4*5, lO-tetrahydro- IH-naphtho- (2,3-c) -pyran , BCH-2041 1 

A solution of acid from step 1 herein (20 mg, 0.069 mmol) in THF (4 ml) 
20 was cooled to 0*C. To the solution was added DM? (1 ^1, as a catalyst) 
and then oxalyl chloride (12 \kl, 0.138 mmol). The mixture was stirred 
at 0°C for 45 minutes and at room temperature for 20 minutes. Solvent 
was evaporated. The residue was rediseolved in methylene chloride and 
then evaporated* The residue was dissolved again in methylene chloride 
25 (4 ml) and half of the volume was taken for coupling with aniline (4 yl, 
0.044 mmol) as follows t To the ice-cold solution of the acid chloride 
was added aniline (1 eq. ) in 1 ml of methylene chloride. The reaction 
mixture wae stirred for 10 minutes. It was poured to water and 
extracted with methylene chloride. The organic layer was dried and 
30 evaporated to give a crude product which was purified by 

recrystallizatlon from methylene chloride and hexane. The desired 
titled product was obtained (11 mg) as a light yellow solid. 
M.P. 183-184°C. 

*H HMR (CDCI3, 250 MHz, Bruker) : 5, 2.63 (1H, dd, J « 19.4 Hz, 12.5 Hz, 
35 l-HCH a ), 3.30 (1H, dd, J « 19.3 Hz, 4.2 Hz, 1-HCHe), 3.67 (3H, s, OCH3), 
4.74 (1H, dd, J « 12.5 Hz, 4.5 Hz, 3-CH), 5.77 (1H, s, 1-CH), 7.16 (1H, 
tr, J « 8.5 Hz, 4*-Ani-H), 7.47 (2H, tr, J • 8.5 Hz, 3', 5'-Ani-H), 7.52 
(2H, d, J » 8.5 Hz, 2*, 6*-Ani-H), 7.75 (2H, m, 7, 8-ArH), 8.10 (2H, m, 
6, 9-ArH), 8.31 (1H, 8, NHCO) . 
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IR ( Nicole t , 205 FT, film on BaCl plate): cm" 1 , 3278.8, 2923.0/ 

1665.0, 1593.4, 1533.0, 1445.7, 1798.0, 1060.7, 960.0, 755.6, 688.2, 
679.0. 

5 Step 3 1 ( 1 , 3-ci« )-l-«*Uioxy-3-ll-anllinylc«rboiiyl-5 , 10-dioxo- 

3,4,5, 10-tetrahydro- lH-naphtho- [2,3-cJ -pyran , BCH-2042 , 

A similar to the procedure described previously in step 2, the cis acid 
from step 1 herein was converted to the titled product. 

10 M.P. 217-219°C. 

*H NMR (CDC1 3 , 250 MHz, Bruker): 8, 2.49 (1H, dd, J - 15.6 Hz, 11.2 Hz, 
4-HCH a ), 3.08 (1H, dd, J - 15.6 Hz, 3.2 Hz, 4-HCH e >, 3.65 (3H, s, OCH3), 
4.50 (1H, dd, J - 11.2 Hz, 3.2 H, 3-CH), 5.94 (1H, 8, 1-CH), 7.14 (1H, 
tr, J « 7.6 Hz, p-Ani-H), 7.35 (2H, tr, J ■ 7.6 Hz, m-Ani-H), 7.56 (2H, 

15 d, J « 7.6 Hz, O-Ani-H), 7.78 {2H, m, 7, 8-ArH) , 8.00 (2H, m, 6, 9-ArH), 
8.21 (1H, s, HHCO). 

IR (Nicolet , 205 FT, film on HaCl plate): cm" 1 , 3353.5, 3052.9, 

2928.1, 2853.9, 1694.6, 1597.5, 1531.8, 1443.3, 1300.6, 1172.1, 1117.8, 
1060.7, 1043.6, 1026.5, 906.7, 750.6, 712.5, 692.6. 

20 

Exaaple 50s Preparation of (1* 8, lR,36)-l-<3 ' - trif luoroacetamido- 

2 • ,3 • ,6 •-trideoxy-lyxohexpyranose)-3-(5"- 
tosyloxamolyl ) -3 , 4 , 5 , 10-tetrahydro-5 , lO-dioxo-naphtho- 
[2,3-c] pyran (BCH-2150) 
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BCH-2150 

Step It (1'S, IS, 3R)-l-(4'-p-nltr6b«^soyl-2• r 3• , 6 • -trideoxy-3 ' - 

trif l»ro«c«t«mido-I^lyxoh*«opyraiio«s)-3- (5 M -tosyloxasolyl ) - 
5 , 6-diMthoxy isochromaa 

5 

To the compound from step 4, example 47, (50 mg r 0.120 mmol) in 
dichloromethane (15 ml) stirred with 5 ' -p-nitrobenzoy 1-3 • , 4 • , 7 • - 
trideoxy-a'-trifluoroacetamido-L-lyxohexopyranose (49 mg, 0.125 mmol) 
was added 1 , 2-dichloro-4 , 5-dicyano-benzoquinone (35.6 mg, 0.157 mmol). 

10 The resulting mixture was stirred for 18 hours at 40°C. Solvent was 
evaporated and the crude product was chrooatographed (hexane/ethyl 
acetate«3/2) to give the titled compound (17 mg) and the (1'S,1R,3S) 
diastereomer (12 mg). 
The titled compound had: 

15 !h HMR <acetone-d 6 , 250 MHz, Bruker): 5, 1.27 (3H, d, J « 5.9 Hz, 6'- 
CH 3 ), 2.14-2.30 (2H, m, 2'-CH 2 ), 2-44 (3H r 8, tosyl-CH 3 ), 3.01 (2H, d, J 
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~ 6.5 Hz, 4-GB 2 ), 3.82 (3H, a, OGH 3 ), 3.92 (3H, a, OGB 3 ), 4.65 (1H, m, 
3'-CH), 4.86 (IB, qua, J - 5.9 Hz, 5'-CH), 5.71 (IB, d, J « 2.4 Hz, 4- 
CH), 6.17 (1H, tr, J * 6.5 Hz, 3-CB), 6.24 (1H, 8, 1-CB), 6.95 (2H, m, 
6, 7-ArH) , 7.48 (2H, d, J *= 7.4 Hz, 3"> 5 w -tOByl-H) , 7.95 (2H, d, J = 7.4 
5 Hz, 2", 6*-tosyl-B), 8.38 (4H, m, PNB) , 8.37 (1H, s, oxa-H), 8.66 (1H, 
d, J m 7.4 Hz, NHOOCF3) • 

The (l*s, 1R, SSJ-l-M'-p-nitrobenzoyl^SS'^'-trideoxy-S'- 
trif luoroacetamido-L-lyxohexopyranoBe ) -3- ( 5 " -tosyloxa-zoly 1 ) -5 , 8- 
dimethoxy iaochrooan bads 

10 X H NMR (acetone-d^, 250 MHz, Bruxer ) : 6, 0.80 (3H, d, J - 6.8 Hz, 6*- 
CH 3 ), 2.19 (1H, m, 2'-HCH a ), 2.48 (1H, d tr, J - 11.8 Hz, 4.1 Hz, 2 f - 
HCH e ), 2.46 (3H, 8, tosyl-CB 3 ), 2.88 (1H, dd, J * 17.6 Hz, 11.8 Hz, 4- 
HGH a ), 3.04 (1H, dd, J - 17.6 Hz, 4.4 Hz, 4-HCH e ), 3.83 (3H, 8, OCH3), 
3.86 (3H, 8, OCH3), 4.42 (IB,, qua, J - 6.8 Hz, 5'-CH), 4.84 (1H, m, 3'- 

15 CH), 5.48 (1H, a, 4'-CH), 5.58 (1H, d, J « 3.5 Hz, l'-CH), 6.01 (1H, s, 
1-CH), 6.92 (1H, d, J - 6.5 Hz, ArH) , 6.96 (1H, d, J - 6.5 Hz, ArB), 
7.54 (2H, d, J - 9.1 Hz, 3", 5"-tosyl-H) , 8.06 (2H, d, J ■ 9.1 Hz, 2 M , 
6"-tosyl-H), 8.35 (1H, 8, oxa-H), 8.49 (4H r m, PNB), 8.62 (1H, d, J » 
6.8 Hz, NHCOCF3). 

20 

Step 2t (1*8, 18, 3R) -1- (4 ' -p-nitrobanBoyl-2 * , 3 ' , 6 1 -trideoxy-3 ' - 

trif luoroacetaa i rio-L-lyxohexopy ranosa ) -3- ( 5 "-toayioxamoly 1 ) - 
5 , 8-dioxo-3 ,4,5, 8-tetrahydrobanxo- [ 2 , 3-c ) -py ran • 

25 The compound from atep 1 herein (17 mg, 0.021 mmol) in acetonitrile (2 
ml) was cooled to 0°C and ammonium cerium nitrate (35.5 mg, 0.0648 mmol, 
pretreated with aodium bicarbonate, 3.6 mg, 0.042 mmol) was added 
dropwise. The reaction mixture was stirred for 15 minutes at 0°C then 
poured to water. It was extracted with dichloromethane • The organic 

30 phase was washed with brine, dried (over sodium sulfate) and evaporated 
to give a crude product which was purified on silica gel (hexane/BtQAc = 
2:1) to give the desired titled product (7 mg). 

1 H NMR (acetone-d 6 , 250 MHz, Bruker): 6, 1.04 (3H, d, J - 6.5 Hz, 6'- 
CH 3 ), 2.12-2.35 (2H, m, 2*-GB 2 ), 2.45 (3H, 8, t08yl-GH 3 ), 2.80-2.93 <2H, 
35 m, 4-CH 2 ), 4.55 (1H, qua, J * 6.5 Hz, 5'-CH), 4.86 (1H, m, 3*-GH), 5.49 
(1H, 8, 4'-CH), 5.61 (1H, d, J « 2.1 Hz, 1*-CB), 5.85 (1H, 8, 1-CH), 
6.12 (1H, dd, J - 10.6 Hz, 4.7 Hz, 3-GH), 6.80 (1H, d, J * 10.6 Hz, 
Quin-H), 6.85 (1H, d, J = 10.6 Hz, Quin-H) , 7.48 (2H, d, J « 8.8 Hz, 3", 
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5"-tosyl-H), 7,88 (1H, 0, oxa-H) , 7.94 <2H, d, J « 8.8 Hz, 2*, 6*-tosyl- 
H), 8.28 (4H, m, PNB) • 

Step 3t <l f S, 1R, 38) -1- ( 4 * -p-nitx^en«oyl-3-trif luoroacat^mido- 

5 2^3^6 t -triAMxy-I*-lyxohMopyr«ao»*)-3-(5"-to«yl-OJc«»olyl)- 
5 , 10-dioxo-3 , 4 , 5 r 10-tetrahydro- IH-naphtho- (2,3-c) -pyran 

The compound from step 2 herein (9 mg, 0.012 mmol) was stirred with 1- 
acetoxy-l,3-butadiene (28 y\ 9 0.236 nmol) in toluene (4 ml) and THF (0.5 
10 ml) at 50°C for 18 hours. Solvent was evaporated and the crude product 
was chromatographed (toluene/ethyl acetate - 5/1) to give the desired 
titled product (4.8 mg). 

X H NKR (CDC1 3 250 MHz, Bruker): 6, 1.06 (3H, d, J« 6.2 Hz, 6'-CH3), 
2.00 (1H, d tr, J - 11.5 Hz, 2.9 Hz, 2'-HCH a ), 2.25 (1H, dd, J - 11.5 

15 Hz, 4.4 Hz, 2 , -HCH e ), 2.44 (3H, 8, tosyl-CH 3 ), 2.98 (1H, d, J « 5.6 Hz, 
4-CH), 2.99 (1H, d, J « 11.0 Hz, 4-CH) , 4.60 (1H, qua, J - 6.2 Hz, 5'- 
CH), 4.87 (1H, m, 3»-CH), 5.40 (1H, e, 4*-CH), 5.72 (1H, d, J - 2.0 Hz, 
I'-CH), 6.05 (1H, a, 1-CH), 6.19 (1H, dd, J « 11.0 Hz, 5.6 Hz, 3-CH) , 
6.66 (H, d, J - 6.5 Hz, NHOOCF3) , 7.49 (2H, d, J - 8.8 Hz, 3", 5"-tosyl- 

20 H), 7.79 (2H, m, 7, 8-ArB), 7.90 (1H, e, oxa-H), 7.95 (2H, d, J - 8.8 
Hz, 2", 6»-tosyl-H), 8.13 (2H, m, 6, 9-ArH), 8.31 (4H, m, PNB). 

Step 4t (1'S, 1R, 3S)-2' ,3* , 6 * -tridaoxy-3 1 -trif luoroacetasddo-Ii-- 

lyxohexopyraaose-3- [ 5 * -tosyloxaioly 1 ) -5 , 10-diox©-3 ,4,5,10* 
25 tetrahydro-lfi-naphtho- [ 2 , 3-c] -pyran (BCH-2150) 

To the compound from step 3 herein (4.8 mg, 5.92 mmol) in THF (0.5 ml) 
and methanol (l.S ml) cooled to 0°C was added sodium methoxide (4.37 
M,1.4 ill, 5.92 mmol). After 5 minutes, the reaction was quenched with 
30 dilute hydrochloride acid and extracted with methylene chloride. The 
organic layer was dried (over Na 2 S0 4 ) and evaporated to give a crude 
product which was purified on TLC (CHCl 3 tMeOH ■ 100:7) to give desired 
titled product as an off-white solid (1.3 mg). 
M.P. 130-13S°C. 

35 *H NMR (CDCI3, 250 MHz, Bruker) : 5, 1.13 (3H, d, J - 6.5 Hz, 6--CH3), 
1.78 (1H, tr d, J « 11.2 Hz, 2'-HCH a ), 2.05 (1H, m, 2 , -HCH e , due to 
solvent overlap, this is an estimation), 2.43 (3H, s, tol-GH 3 ), 2.92 
(1H, d, J » 5.9 Hz, 4-HCH a ), 2.94 (1H, d, J - 10.5 Hz, 4-HCH e ) , 3.71 
(1H, m, 4*-OH), 4.20 (1H, dd, J - 5.9 Hz, 3-2 Hz, 4*-OH) , 4.47 (1H, qua, 
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J m 6 # 5 Hz, 5'-CH 3 ), 4.58 (1H, m, 3*-CH), 5.55 (iH, d, J - 3.0 Hz, 1'- 
CH), 5.99 (1H, a, 1-CH), 6.16 (1H, dd, J - 10.6 Hz, 5.9 Hz, 3-CH), 6.77 
(1H, d, J « 10.6 Hz, NHCOCF3 ) , 7.36 (2H, d, J ■ 8.8 Hz, tooyl-H), 7.79 
(2H, m, 7, 8-ArH), 7.90 (1H, s,.oxa-H), 7.91 (2H, d, J « 8.8 Hz, tosyl- 
5 H) r 8.11 (2H, m, 6, 9-ArH) . 

IR (Nicolot 205 PT, film on NaCl plata)t cm" 1 , 3379.1, 2956.4, 2927.8, 
2854,7, 1716.9, 1669.3, 1335.6, 1297.4, 1148.0, 985.2. 

Example 51* Preparation of (1 '8,18,3E)-l-(3 'trif luoroacata«ido- 

10 2' ,3' ,6 , -trld«oxy-ly»-I*-h«topjraBO»a)-3-(5"- 

toay losasoly 1 )-3,4,5, lO-tetrahydro-5 , lO-dioxo-naphtho- 
(2,3-c) pyran (BCH-2151) 

OCH, 0-\v 0 O—^ 

. » uinvA I mhtfa 



1 



uinvi 



O O 

qhKHIFA PNBO NKIFA 

BCH-2151 




15 



Step 1: (1*8, 18, aR^l-^'-p-nitrobanaoyl^' ,3* , 6 ' -tr±deoxy-3 • - 

trifluoroacetamido-L-lyxohexopyraiiose ) -3- ( 5 ■ -tosyioxazolyl ) - 
5 , 8-dioxo-3 , 4 , 5 , 8-tetrahydrobeaso- 1 2 , 3-c ) -pyran 



20 Starting with the (1'S,1S,3R) diastereomer from step 1, example 50, (12 
mg, 0.015 mmol), using the same materials (ammonium cerium nitrate, 25 
mg, 0.046 mmol; NaH003, 2.55 mg, 0.0304 mmol; acetonitrile , .1.5 ml; H 2 0, 
0.4 ml) and following the same procedures as described in step 2, 
example 50, the desired titled product was obtained (9 mg). 
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X H NMR (acetbne-d 6 , 250 MHz, Broker): 8, 1.27 (3H, d, J - 6.6 Hz, 6'- 
CH 3 ), 2.20 (2H, m, 2*-GH 2 )* 2.45 (3H, 8, tosyl-GB 3 ), 2-95 (1H, d, J = 
6.8 Hz, 4-CH), 2.95 (1H, d, J « 8.8 Hz, 4-CH), 4.56 (1H, m, 3'-CH)> 4.74 
(1H, qua, J «= 6.6 Hz, 5'-CH), 5.53 (1H, a, 4'-CB), 5.68 (1H, d, J = 2.9 
5 Hz, l'-CH), 6.01 (1H, s, 1-CH), 6.09. (1H, dd, J « 8.8 Hz, 6.8 Hz, 3-CH), 
6.93 (1H, d f J «= 11.8 Hz, Quin-H) , 6.96 (1H, d, J « 11.8 Hz, Quin-H), 
7.49 (2H, d, J - 8.8 Hz, 3", 5"-tosyl-H) , 7.93 (2H, d, J - 8.8 Hz, 2", 
6"-tosyl-H) , 8.36 (1H, s, oxa-H), 8.39 (4H, m, PNB), 8.68 (1H, d, J = 
8.8 Hz, NHCOCF3) • 

10 

Step 2t (1*8, IB, 3R)-l-(4« -p-nit robenzoy 1-3 -t r i f loo roacat.aa i do- 

2* f 3» ,6 ( -trldaoxy-I>*lyxohaxopyranosa)-3-(5 M -^oayl-oxaaolyl)- 
5 , 10-dioxo-3 ,4,5, 10-tetrahydro- lH-naphtho- (2,3-c] -pyran 

15 The compound from atep 2 herein (7 mg, 0.009 mmol) was reacted with 1- 
acetoxy- 1,3 -butadiene (21 ill, 0.184 mmol) in toluene (3 ml) at 50°C for 
18 hours. The eolvent was evaporated to give a crude product. After 
chromatography (toluene/ethyl acetate - 5:1) desired titled product was 
obtained (6.4 mg) • 

20 a H HMR (CDCI3 250 MHz, Broker) : S, 1.34 (3H, d, J « 7.1 Hz, 6 V -CH 3 ), 
2.15 (1H, d tr, J - 12.9 Hz, 4.1 Hz, 2'-HGB a ), 2.32 (1H, dd, J - 12.9 
Hz, 4.1 Hz, 2*-HCH e ), 2.45 (3H, s, toayl-CH 3 ), 2.96 (1H, dd, J * 18.2 
Hz, 4.1 Hz, 4-HCH a ), 3.13 (1H, dd, J « 18.2 Hz, 11.2 Hz, 4-HCH e ), 4.64 
(1H, m, 3--CH), 4.77 (1H, qua, J - 7.1 Hz, 5»-CH), 5.52 (1H, s, 4'-CH), 

25 5.76 (1H, d, J « 2.0 Hz, l'-CH), 6.08 (IB, dd, J « 11.2 Hz, 4.1 Hz, 3- 
CH), 6.20 (IB, e, 1-CH), 6.21 (1H, m, HNCOGF3), 7.37 (2H, d, J - 8.2 Hz, 
3", 5"-tosyl-H), 7.71 (2H, m, 7, 8-ArH) , 7.89 (2H, d, J « 8.2 Hz, 2", 
6"-tosyl-H), 7.90 (1H, s, oxa-H), 8.15 (1H, m, 6, 9-ArH) , 8.31 (4H, m, 
PNB) . 

30 

Step 3: (1'S, IS, 3R)-2 1 , 3 • , 6 ' -tridaoxy-3 * -trif luoroacetamido-l#- 

lyxohaxopy raaose-3- [ 5 • -tosyloxasoly 1 ) J -5 , 10-diozo-3 ,4,5, 10* 
tetrahydro-lH-naphtho- [2 , 3 -C] -pyran (BCH-2151) 

35 To PNB derivative from step 2 herein (6.4 mg, 0.0079 mmol) stirred in 
tetrahydrofuran (0.5 ml) and methanol (1.5 ml) at 0°C was added sodium 
methoxide (4.373 M, 1.8 ul, 0.0079 mmol). lifter 5 minutes, the pink 
solution was quenched with dilute HC1. The product was extracted with 
methylene chloride. The organic layer was dried and evaporated to give 
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a crude product which was purified by tbln-layer-chromatography 
(GBC^sMeOH -100:7) to desired titled product as an off-white solid 
(0.8 mg) . 
K.P. 100-105°C. 

5 X H HMR (CDC1 3 , 250 MHz, Bruker) t 6, 1.41 (3B, d, J - 5.9 Hx, 6'-GH 3 ), 
1.92 (1H, tr d, J ■ 11 Hz, 3.5 Bz, 2'-BCB a , estimation), 2.20 (1H, m, 
2'-HCHe r estimation), 2.44 (3H, s, tol-CB 3 ), 2.95 (lH f dd, J - 18.5 Hz, 
4.7 Hz, 4-HCHe), 3.12 (IB, dd, J - 18.5 Hz, 11.2 Hz, 4-HCH a ), 4.00 (1H, 
m, 4'-CH), 4.37 <m, 1H, 3'-CH), 4.60 (1H, qua, J - 5.9 Hz, 5'-CH), 5.10 
10 (1H, br s, 4' -OH, estimation), 5.58 (1H, d, J « 3.5 Hz, l'-CB), 6.05 
(IB, dd, J - 11.2 Hz, 4.7 Hz, 3-CH) , 6.15 (IB, s, 1-CB), 6.66 (IB, m, 
MBCOCF3), 7.36 (2H, d, J - 8.8 Hz, tosyl-H), 7.78 (2B, m, 7, 8-ArH) , 
7.87 (1H, s, oxa-B), 7.88 (2H, d, J ■ 8.8 Hz, tosyl-H), 8.12 (2H, m, 6, 
9-ArH) . 

15 IR (Nicolet 205 FT, film on NaCl plate): cm" 1 , 3368.3 2961.8, 2930.2, 
2848.9, 1715.0, 1669.9, 1463.0, 1332.6, 1289.0, 1153.4, 975.46. 

Imp) e 52 1 Preparation of (l r 3-tran«)-l-m«thoxy-3-(3 •- 

amino thiamolyl ) -5 , 10-dioxo-3 ,4,5, lO-tatrahydro-lH- 
20 aaphtao [2,3-c)-pyran (BCH-1616) and (1,3 -transhi- 

atal bo ■ j -3-d ieathoxyphosphonoacstyl-5 , 10-dioxo- 
3,4,5, 10-totrahydro-lH-naphtho [2,3-c]— pyran (BCB- 
1674) 
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St«p 1 1 l-«ethoxy-3-acetyl-3 , B-dioxo-3 ,4,5, 8-tstrahydr©be»«o- [2,3- 

c J-pyrmn 

5 A sample of 5,8-dimethoxy-l-hydroxy-3-acetoi«ochrocnan (200 mg, 0.79 
rnmol) in MeOH (10 ml) was stirred at room temperature while a solution 
of CAN (2.16 g, 3.95 rnmol) in water (9 ml) was added dropwiae. After 5 
minutes, the reaction mixture was poured to water and then extracted 
with methylene chloride. The organic layer was dried (over sodium 

10 sulfate), and evaporated to give a yellow sticky solid (157 mg) . X B HMR 
showed that desired titled product was obtained with 89% purity. 
*H HMR (GDCI3, 250 MHz Bruker) , S: 2.28 (s, 3H, COCH 3 ), 2.35 (dd, 1H, J 
« 20.5 Hz, 12.1 Hz, 4-Ha), 2.78 (dd, 1H, J « 20.5 Hz, 4.3 Hz, 4-He), 
3.56 (s, 3H, OCH3), 4.44 (dd, 1H, J - 12.1 Hz, 4.3 Hz, 3-H) , 5.46 (s, 

15 1H, 1-H), 6.73 (m, 2H, 6 . 7-guinone ) . 

Step 2 1 l-Mthozy-3~mcstyl-5 , 10-dioxo-3 ,4,5, 10-tstrahydro-lH- 

naphtho- [2 , 3-c ] -pyran 

20 The bicyclic quinone from step 1 herein (157 mg, 0.66 rnmol) was stirred 
with l-acetoxy-l,3-butadiene (632 Jll, 5.32 rnmol) in toluene (20 ml) at 
40°C for 16 hours. Solvent was evaporated and the crude product was 
chromatographed (toluene tEtOtAc * 100:25) to give desired titled 
tricyclic quinone as a yellow solid (190 mg) ♦ 

25 M.P. 169. 8-170. 8°C. 

X B HMR (CDCI3, 250 MHz Bruker), S: 2.34 (s, 3H, COCH3) , 2.53 (dd, 1H, J 
« 20.7 Hz, 10.7 Hz, 4-Ha), 3.00 (dd, 1H, J - 10.7 Hz, 4.3 Hz, 4-He), 
3.63 (s, 3H, OCH3), 4.54 (dd, 1H, J • 10.7 Hz, 4.3 Hz, 3-H), 5.66 (s, 
1H, 1-H), 7.73 (m, 2H, 7.8-ArH), 8.06 (m, 2H, 6.8-ArH). 

30 IR (Hicolet 205 IT, film on HaCl plate), cm" 1 : 2923.4, 2827.6, 1717.7, 
1668.2, 1637.3, 1597.1, 1368.3, 1331.3, 1300.3, 1281.8, 1179.8, 1105.6, 
1083.9, 1046.8, 875.5, 799.8, 714.2, 686.1. 

Step 3: 3-broeoacethyl-l-»sthory-5 , 10-dioxo-3 ,4,5, 10-tetrahydro-lH- 

35 naphtho- [2, 3-c] -py ran 

To a solution of product from step 2 herein (50 mg, 0.175 rnmol) in THF 
(3 ml) at room temperature was added pyridinium hydrobromide perbromide 
(1.3 eq.) in THF (2 ml). The mixture was stirred for 45 minutes at room 
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temperature. It was poured to water and extracted with methylene 
chloride* The organic layer was dried and evaporated to give a product. 
TLC and 1 H NMR both showed that the desired titled product (76 mg) was 
obtained with purity >90%. 
5 M.P. 169. 8-170. 8°C. 

a B NMR <GDCl 3r 250 MHz Bruker), S: 2.53 (dd, lH r J - 20.3 Hz, 11.0 Hz, 
4-Ha), 3.02 (dd, 1H, J - 20.3 Hz r 4.1 Hz, 4-He), 3.64 (s, 3H, OGH 3 ), 
4.15 (d, IB, J « 12.7 Hz, BrCH x H), 4.35 <d, lH, J » 12.7 Hz, Br CHH B ), 
4.84 (dd, 1H, J « 11.0 Hz, 4.1 Hz, 3-H) , 5.65 (s, 1H, 1-B), 7.72 (m, 2H, 
10 7.8-ArH), 8.02 (m, 2H, 6.9-ArH). 

Step 4t ( 1 , 3-trans ) -l-»ethoxy-3- ( 3 ' -aainothiazoly 1 ) -5 , 10-dioxo- 

3,4,5, 10-tetrahydro*lH-naphtho [2,3-c] pyran (BGH-1616) 

15 Bromomethyl ketone from step 3 herein (20 mg, 0.054 nmol) was stirred 
with thiourea at room temperature for 3.5 hours in ether' (2 ml) and 
dichloromethane (2 ml). It was poured to sat. sodium bicarbonate and 
extracted with dichloromethane. The organic layer was evaporated to 
give crude product which was chromatographed (MeOHiCHC^sHOAc »■ 4:100:1) 

20 to give desired titled product (5.3 mg) • A polar by-product was also 
obtained (8 mg). 

X H NMR (CDCI3, 250 MHz Bruker), 5: 2.77 (1H, dd, J - 18.8 Hz, 11.8 Hz, 
4-BCB a ), 3.00 (IB, dd, J *= 18.8 Hz, 5.2 Hz, 4-HCH e ) , 3.63 (3H, s, OCH3), 
5.03 (1H, dd, J ■ 11.8 Hz, 5.2 Hz, 3-CH), 5.67 (1H, e, 1-GH), 6.53 (1H, 
25 s, thia-B), 7.73 (2H, m, 6, 9-ArH), 8.08 (2H, m, 7, 8-ArB) . 

IR (Hicolet 205 FT, film on NaCl plate), cm* 1 : 3429.8, 3346.7, 3130.7, 
2957.8, 2921.3, 2854.8, 1664.9, 1641.6, 1591.7, 1521.9, 1455.5, 1408.9, 
1327.1, 1294.1, 1102.0, 1039.9, 731.92, 708.07. 

30 Step 5: 1 eethozj-3-diesthyl phos p hon o acaty 1-5 , 10-dioxo-3 ,4,5, 10- 

tetrahydro- lH-naphtho- [2,3-c] -pyran (BCH-1674) 

A solution of bromomethylketone from step 3 herein (10 mg, 0.027 mmol) 
was refluxed with trimethylphosphite (3.54 Jll, 0.03 mmol) and sodium 
35 iodide (0.2 mg, 0.05 mmol) in TOP at 70°C overnight. Solvent was 

evaporated and the brown residue was chromatographed (CHC^sMeOH 50:1) 
to give desired titled product as a light-colored solid (2 mg). 
X H NMR (GDCI3, 250 MHz, Bruker): 8, 2.60 (1H, dd, J - 19.8 Hz, 11.6 Hz 
4-HGB a ), 2.94 (IB, dd, J - 19.8 Hz, 3.5 Hz, 4-B e CH), 3.62 (3H, e, 1- 

173 



SUBSTITUTE SHEET 



WO 94/11382 



PCT/CA93/00463 



OCH 3 ), 3-85 (3H, s, POCH 3 >, 3.88 (3H, s, FOCH3), 4.59 (1H, dd, J » 11.6 
Hz, 3.5 Hz, 3-CH), 5.02 (1H, br 8, OTP) , S.15 (1H, tar s, CHP), 5.62 (1H, 
s, 1-CH), 7.73 (2H, m, 6 # 9-ArH) , 8.08 (2H, m, 7, 8-ArH) . 

5 Bxaapls 53s Preparation of (1*S,1R,38)-1~(3 • -trixluoroacetamido- 

2 1 , 3 ° , 6 ' -trid*oxy-I*-lyxohsxopyrano«s ) -3- 
Mthoxycarbony l-3-aethyl-3 ,4,5 ,10-tstrahydro-5 , 10- 
dloxo-lH-naphtAO- [2,3-cJ pyran (BCH-2077) 




o o 



10 




Step 1; 3-methoxycarbony 1-3"— thyl-5 , 8-d i eet . h ogy itocbroatn 

A solution of di-isopropylamine (616.8 4.37 mmol) in THF (10 ml) was 
15 cooled to 0°C and degassed briefly. n-Butyl lithium (1.6 M in hexane, 
2.60 ml, 4.17 mmol) was added. After stirred for 30 minutes at 0°C, the 
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solution was further cooled to -78°C. A solution of 5,8-dimethoxy-3- 
methoxycarbonylleochroman (1.0 g, 3.97 mmol) in TOT (10 ml), pre- 
degassed, was added slowly. The resulting yellow solution was stirred 
for 1 hour at -78°c before the addition of methyl iodide (1.01 ml; 16 
5 mmol). After stirred further for 45 minutes, sat. HH4CI solution was 
added. The mixture was diluted with water and extracted with ethyl 
acetate. The organic layer was dried and evaporated to give a crude 
product which was chromatographed (hexane:EtOAc - 3:1) to give the 
desired product as a solid (650 mg, m p. 73.0-74.5°C) and another 
10 fraction (192 mg) which contained 66% of titled product and 34% of the 
starting material. 
M.P. 73-74. 5°C 

X B NMR (CDCI3 250 MHz, Bruker): 5, 1.50 (3H, 6, 3-CGH 3 ), 2.58 (1H, d, J 
- 17.1 Hz, 4-CH), 3.25 (1H, d, J » 17.1 Hz, 4-CH), 3.64 (3H, s, OCH3), 
15 3.68 (3H, s, OCH3), 3.72 (3H, s, 0CH 3 ), 4.76 (1H, d, J - 17.1 Hz, 1-CH), 
4.84 (1H, d, J « 17.1 H, 1-CH), 6.53 (1H, d, J « 7.1 Hz, ArH) , 6.59 (IB, 
d, J - 7.1 Hz, ATB). 

XR (Nicolet, 205 FT, f 11m on NaCl plate): cm" 1 , 2949.9, 2833.2, 1736.6, 
1489.0, 1365.2, 1344.0, 1259.1, 1206.0, 1142.3, 1114.0, 1060.7, 295.7, 
20 713.8. 

Step 2i (1*8, 1R, 38)-l-(4 , -p-nitroh«n«oyl-3*-trifluoroacstamido- 

2 • ,3 • ,6 • -trideoxy-iayxoh«xopyrano»s)-3-««thoxy-carbonhyl-3- 
mathy 1-5 , ft-iHe*thrTTy-f — . 

25 

The compound from step 1 herein (133 mg, 0.5 mmol) was reacted with DDQ 
(136 mg, 0.6 mmol) and 5 • -p-nltrobenzoy 1-3 • , 4 • , 7 • -trideoxy-3 • - 
trifluoroacetamldo-L-lyxohexopyranose (196 mg, 0.5 mmol) at 45°C for 16 
hours, the same way as described in step 2, example 13. After 
30 chromatography (hexanesBtQAc « 2.5:1), four isomers were obtained: C, 
49 mg; B, 24 mg; D, 73 mg; A, 56 mg. 

For C, A H NMR (CO CI 3 250 MHz, Bruker): 8, 1.22 (3H, d, J - 6.1 Hz, 6'- 
CH 3 ), 1.45 (3H, s, 3-CCH3), 1.89 (1H, dd, J *= u.8 Hz, 4.7 Hz, 2--CH), 
2.05 (1H, d, tr, J - 11.8 Hz, 3.0 Hz, 2'-CH), 2.77 (1H, d, J « 17.1 Hz, 
35 4-CH), 3.82 (1H, d, J - 17.1 Hz, 4-CH), 3.64 (3H, s, OCH 3 ), 3.78 (3H, e, 
OCH3), 3.81 (3H, s, OCH3), 4.52 (1H, m, 3'-CH), 4.60 (1H, qua, J - 6.1 
Hz, 5'-CH), 5.42 (1H, s, 4'-CH), 5.74 (1H, d, J - 1.7 Hz, l'-CH), 6.22 
(1H, s, 1-CH), 6.36 (1H, d, J - 8.2 Hz, NHCOCF3) , 6.71 (1H, d, J « 8.8 
Hz, ArH), 6.80 (1H, d, J • 8.8 Hz, ArH), 8.28 (4H, m, PNB). 
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IR (Nicolet, 205 FT, film on NaCl plate): can" 1 , 3328.4, 3077.3, 2946.4, 
2843.8, 1740.1, 1527.9, 1492.5, 1259.1, 1114.0, 1054.2, 974.90, 947.90, 
803.50,. 716.80 

The ( 1 • S , IS, 3S ) -1- ( 4 * -p-nitrobenzoyl-3 ' -tr if luoroacetamido-2 • , 3 • , 6 • - 
5 trideoxylyxohexopyranoae ) -3-methoxy-earbonyl-3-methy 1-5 , 8-dimethoxy- 
isochroman had: 

X H NMR (CDCI3 250 MHz, Broker): 5, 1.16 (3H, d, -J « 7.3 Hz, 6'-CH3), 
1.63 (3H, 8, 3-CCH3), 2.02 (2H, m, 2 f -CH 2 ) f 2.86 (1H, d, J - 15.9 Hz, 4- 
CH), 3.21 (1H, d, J m 15.9 Hz, 4-CH), 3.65 (3H, 0, OCH3), 3.76 <6H, b, 
10 2xOCH 3 ), 4.10 (1H, qua, J - 7.2 Hz, 5--CH), 4.61 (1H, m, 3'-CH), 5.45 
{1H, s, 4'-CH), 5.55 (1H, B, l'-CH), 6.24 (1H, B, 1-CH), 6.68 (1H, d, 
J - 9.4 Hz, ArH) , 6.76 (1H, d, J - 9.4 Hz, ArH), 6.23 (1H, b, HHCOCF3), 
8.26 (4H, m, PNB) * 

IR (Nicolet, 205 FT, film on NaCl plate): cm*" 1 , 3332.0, 2924.7, 2857.1, 
15 1732.5, 1708.0, 1531.6, 14B6.5, 1353.3, 1265.1, 1167.0, 957.18, 718.76. 
The (1'S, IS, 3R)-l-(4 , -p-nitrobenzoyl-3 , -trifluoroacetamido-2 , ,3 , ,6'- 
trideoxy-L-lyxohexopyranoae) -3-methoxy-carbonyl-3-methyl-5 , 8-dimethoxy- 
isochroman had: 

X H NMR (CDCI3 250 MHz, Bruker): 5, 1.19 (3H, d, J - 6.1 Hz, 6'-CH 3 ), 
20 1.60 (3H, B, 3-CCH 3 ), 1.87 (1H, dd, J « 12.4 Hz, 4.7 Hz, 2'-CH), 2.11 

(1H, d tr, J ■ 12.4 Hz, 3.0 Hz, 2'-CH), 2.86 <1H, d, J « 16.5 Hz, 4-CH), 
3.33 (1H, d, J » 16.5 Hz, 4-CH), 3.62 (3H, B,OCH 3 ), 3.78 (6H, B, 
2xOCH 3 ), 4.54 (1H, qua, J « 6.1 Hz, 5'-GB), 4.57 (1H, m, 3*-CH), 5.41 
(1H, B, 4--CH), 5.69 (1H, d, J - 2.9 Hz, l'-CH), 6.40 (1H, 8, 1-CH) , 
25 6.45 (1H, d, J « 7.6 Hz, NHCOCF3), 6.71 (1H, d, J « 8.9 Hz, ArH), 6.81 
(1H, d, J - 8.9 Hz, ArH) , 8.24 <4H, 8, PNB) • 

IR (Nicolet, 205 FT, film on NaCl plate): cm" 1 , 3325.5, 3077.2 2951.9, 
2541.1, 1737.3, 1705.9, 1609.5, 1530.0, 1489.0, 1354.1, 1264.9, 970.9, 
951.60, 804.80, 720.90. 
30 The (1*S, IR, 3R)-l-{4 '-^nitrobenzoy 1-3 '-tr if luoroacetamido-2' ,3' ,6'- 
trideoxy-L-lyxohaxopyranoBe) -3-methoxy-carbonyl-3-methyl-5 , 8-dimethoxy- 
isochroman had: 

1 H NMR (CDC1 3 250 MHz, Bruker): S, 1.20 (3H, d, J - 6.0 Hz, 6»-CH 3 ), 
1.53 (3H, 8, 3-CCH3), 1.93 (1H, dd, J « 11.8 Hz, 2.9 Hz, 2*-CH), 2.05 
35 (1H, m, 2'-CH), 2.60 (1H, d, J » 16.5 Hz, 4-CH), 3.39 (1H, d, J « 16.5 
Hz, 4-CH), 3.73 (3H, 8, OCH3), 3.76 (3H, 8, OCH3), 3.80 (3H, 8, OCH3) , 
4.71 (1H, m, 3'-CH), 4.86 (1H, qua, J ■ 6.0 Hz, 5'-CH), 5.45 (1H, 8, 
4'-CH), 5.55 (1H, d, J « 1.74 Hz, l'-CH), 6.01 (1H, 8, 1-CH), 6.49 (1H, 
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d, J « 6.8 Hz, NHCOCF3), 6.24 <1H, d, J - 10*2 Hz, ArH), 6-02 <1H, d, J 
«= 10.2 Hz, ArH), 8.29 (4H, B r PNB) . 

Step 3t (1*6, IK, 38 ) -1- ( 4 1 -p-nitrobansoyl-3 * -trif luoroacstamido- 

5 2 • , 3 ' , 6 • -trideoxy-lymb^xopyranose ) -3-methoxycarbonyl-3- 

methyl-5 , 8-dioxo-4 , 5 , 8-trihydro-lH-banmo- ( 2 , 3-c J -pyran 

The titled compound wee obtained via CAN oxidation (step 3, example 13) 
of the <1*S,1R,3S) precursor from step 2 herein. 

10 X H HMR (CDCI3 250 KHz, Bruker)x 6 r 1.30 (3H, d, J « 6.5 Hz, e^-C^), 

1.57 (3H, e, 3-CCH3), 1.93-2.05 (2H, m, 2'-CH 2 >, 2.36 (1H, d, J « 20 Hz, 
4-CH), 3.31 (1H, d, J - 20 Hz, 4-CH), 3.67 (3H, a, OCH3), 4.46 <1H, m, 
3'-CH), 4.66 (1H, qua, J » 6.5 Hz, 5'-CH), 5.36 (1H, 0, 4'-CH), 5.62 
(1H, 8, l'-CH), 5.93 (1H, 8, 1-CH), 6.56 (1H, d, J « 7.1 Hz, NHCOCP3 ) , 

15 6.77 (1H, d, J - 9.7 Hz, Quin-B). 6.85 (1H, d, J » 9.7 Hz, Quin-H), 8.30 
(4H, m, PNB) • 

IR (Nicolet, 205 FT, film on NaCl plate): cm' 1 , 3347.1, 2924.7, 2851.4, 
1736.3, 1663.1, 1527.9, 1351.4, 1272.6, 1167.4, 951.60, 837.00, 718.80. 

20 Step 4s (1*8, lit, 38 ) -1- < 4 ' -p-nitrobensoy 1-3 • -trif luoroacetamido- 

2', 3*, 6' -trideoxy-lyxohexopy ranoss ) -3-methoxy-carbo»yl-3- 
methy 1-5 , 10-dioxo-4 , 5 , 10-trihydro- IH-naphtho- [2, 3-c ] -pyran 

The titled compound was obtained following cycloadditlon between 1- 
25 acetoxybutadiene and the precursor from step 3 herein as per previously 
described procedure. 

l B HMR (CDCI3 250 MHz, Bruker): S, 1.34 (3H, d, J « 6.5 Hz, 6**^3), 
1.59 (3H, s, 3-OCH3), 1.90-2.10 (2H, m, 2'-CH2), 2.50 (1H, d, J - 19.4 
Hz, 4-CH), 3.49 (1H, d, J » 19.4 Hz, 4-CH), 3.65 (3H, e, OGH3), 4.46 
30 {1H, m, 3'-CH), 4.79 (1H, qua, J - 6.5 Hz, S'-CH), 5.40 (1H, br s, 4'- 
CH), 5.65 (1H, d r J* 2.5 Hz, 1 V -CH), 6.10 (1H, 8, 1-CH), 6.51 (1H, d, 
J - 7.6 Hz, NHCOCF3) , 7.76 {2H, m, 7, 8-ArH) , 8.13 (2H, m, 6, 9-nrH) , 
8.31 (4H, m, PNB). 

IR (Nicolet, 205 FT, film on NaCl plate): cm -1 , 3333.8, 2919.5, 2851.0, 
35 1739.0, 1667.4, 1533.4, 1790.5, 1271.8, 1212.6, 1187.7, 1103.6, 994.58, 
949.75, 723.70. 
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Step 5s <i*8 r 1R, 38)-l-<3 , -trl£lttoroac«fcMldo-2 , ,3- r «*-tri*«ox)r-I^ 

lyxohexopyranose )-5, 10-dioxo-4 ,5, 10-trihydro- lH-naphtho- 
[2,3-c)-pyran (BCH-2077) 

5 The titled compound was obtained following methanol ya is of the precursor 
from step 4* 

X H KMR (CDC1 3 , 250 MHz, Bruker ) : 8, 1.39 (3H r d,- J - 6.0 Hz, 6 , -CH 3 ), 
1.58 <3H, 8, 3-CCB 3 ), 1.77 (lH r dd, J - 12.0 Hz, 4.1 Hz, 2'-HCH a ), 1.84 
(1H, dd, J - 12.1 Hz, 5.9 Hz, 2'-HCH a ), 1.96 (1H, d, J - 8.7 Hz, 4'-OH), 

10 2.48 (1H, d, J = 19.5 Hz, 4-HCH a ), 3.47 (1H, d, J - 19.5 Hz, 4-BCHe) , 
3.60 (IB, d, J - 8.7 Hz, 4'-CH), 3.64 (3H, 8, OCH3), 4.17 (1H, m, 3«- 
CH), 3.56 (1H, qua, J - 6.0 Hz, 5*-CH), 5.46 (1H, d, J ■ 2.9 Hz, I'-CH), 
6.05 (1H, 8, 1-CH), 6.71 (1H, d, J - 8.8 Hz, NHCOCF 3 ), 7.75 (2H, m, 7, 
8-ArH) , 8.10 (2H, m, 6, 9-ArH). 

15 IR (Hicolet , 205 FT, film on HaCl plate): cm"*, 3420.6, 2934.5, 1735, 
1721.8, 1665.8, 1291.8, 1182.3, 1166.3, 1112.9, 776.7, 944.6, 912.6, 
728.97. 

Kxample 54 1 Preparation of (1 • S, 18,3R)-l-(3 • -trifluoroacatamido- 

20 2 * , 3 • , 6 • -trideoxy-lymo-I^hexopyranoae ) -3-acetyl-3- 

metbyl-3,4,5, 10-tetrabydr©-5 , 10-dioJto-naphtho-[2,3-c) 
pyran (BCH-2082) 




BOU0R 

(1*S, IS, 3R)-l-(3 '-trifluoroacetamido-2 * ,3 ( , 6 • -t rideoxy-L- 
lyxoha x opy r a noae ) -3-acety 1-3 m et by 1*5 , 10— dioxo-4 ,5, 10- 
trihydro- lH-napht ho- [2 , 3-c) -pyran (BCH-2082) 

30 Methanolyeie of the p-nitrobenzoylated precursor yielded the titled 
product . 

X H NMR (CDCI3, 250 KHz, Bruker): 5, 1.31 (1H, d, J « 6.6 Hz, 6'-GH 3 ), 
1.45 (3H, s, 3-CCH3), 1.80 (1H, d, J = 8.8 Hz, 2'-CH), 1.81„ (1H, d, J = 
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10 Hz, 2'-CH), 2-24 <3H, 8, COCH 3 ), 2.52 <1H, d, J * 18.5 Hz, 4-HCH a ) , 
3.38 (lH r d, J « 18.5 Hz, 4-HCHe>, 3.60 (1H, br a, 4--CH), 4.19 (1H, br 
qua, J - 10 Hz, 3'-CH), 4.41 (1H, qua, J » 6.6 Hz, 5'-CH), 5.45 (1H, fl, 
l'-CH), 6.13 (1H, s, 1-CH), 6.63 (1H, d, J « 10 Hz), 7.75 (2H, m, 7, 8- 
5 ArH) , 8.09 (2H, m, 6, 9-ArH). 

IR (Nicolet , 205 FT, film on NaCl plat©): can" 1 , 3375.1 (br mtr) , 
3091.1, 2929.6, 1715.2, 1671.2, 1597.7, 1293.3, 1172.9, 981.5, 729.22. 

Exaapla 55 1 Preparation of (l , S,lS,3R)-l-(3 ' -trif luoroacataaido- 

10 2 * , 3 * , 6 ' -trideoxy-lyx©-I#-hexopyra»ose) -3- 

di»atho*yph08phonoacetyl-3 ,4,5, 10-tatrahydr©-5 , 10- 
dixixo-naphtho- [ 2 , 3 -c ] pyran (BGB-1690) 




BOM690 



Stop Is ( 1 * S , IS , 3R) -1- (2 ' , 3 ' , 6 • -tridaoxy-3 • -trif luoroacata*ido-L- 

1fi»h>ni|>)i ■•) 1 iHMttijIr^niphnnnTOtjl 1 , 10-dioxo- 

3,4, 5-10— t«trabydr©-lB-naphtho- [ 2 , 3-c ) -pyran (BCH-1690) 

20 The p-nitrooensoyl precursor was hydro ly ted with catalytic sodium 

methoxlde in ■arhiml as per previously described procedure. The titled 
compound hadi 
M.P. 91-93*C, 

X H HMR (CDClj, 250 KHz, Bruker): 5, 1.40 (3H, d, J ■ 7.6 Hz, 6'-CH 3 ), 
25 1.89 ( 2H, a, 2'-CH 2 ), 2.62 (1H, dd, J - 18.2 Hz, 11.8 Hz, 4-HGH a ), 3.00 
(1H, dd, J - 18.2 Hz, 4.1 Hz, 4-BCH e ), 3.65 (1H, br s, 4-CH) , 3.83 <3H, 
s, POCH3), 3.87 (3H, s, POCH3) , 4.32 (1H, qua, J «= 7.6 Hz, 5'-CH), 4.56 
(1H, m, 3-CH), 4.99 (1H, br 8 CHP), 5.13 (1H, br s, CHP), 5.44 (1H, e, 
l'-CH), 6.09 (1H, a, 1-CH), 6.83 (1H, br d, J = 7.6 Hz, NHOOCF3), 7.77 
30 (2H, m, 7, 8-ArH) , 8.09 (2H, m, 6, 9-ArH). 

IR (Nicolet 205 FT, film on HaCl plate): cm" 1 , 3421.9, 2958.3, 1716*0, 
1665.6, 1592.5, 1287.6, 1181.8, 1045.7, 977.7, 858.4, 727.5. 
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Example 56 1 Preparation of (1*8,18, 38>-l-<3'-triflu©roacetamido- 

2* ,3' ,« , ^rideoxy-lyx©-If-hexepyraiio»e)-3- 
m*thoxycari>onyl-3-m*thyl-3 ,4,5, 10-tetrahydr©-5 , 10- 
dioxo-naphtho- (2 , 3-c] pyran (BCH-2081) 




BCH-20S1 

Stap It (1*8, IS, 38) -1- (4 ' -p-nitrobenmoyl-3 • -trif luoroacetanido- 

2 • ,3 • ,6 • -tridaory-lyxohaxopyrano«a)-3-Mthoxy-carbonyl-3- 
10 methy 1-5 , 8-dioxo-4 , 5 , 8-trihydro- lH-b«n«o- [ 2 , 3-c ) -pyran . 

CAN oxidation of the (l ( S,lR,3sy precursor from step 2, example 53, 
yielded the titled compound. 

l B NMR (CDC1 3 250 MHz, Broker): 8, 1.14 (3H, d, J - 6.0 Hz, 6'-CH 3 ), 
15 1.61 (3H, s, 3-CCH3), 1.96 (1H, d tr, J « 11.7 Hz, 4.1 Hz, 2*-CH), 2.10 
(lH f dd, J « 11.7 Hz, 2.9 Hz, 2'-CH), 2.58 (1H, d, J « 18.2 Hz, 4-CH), 
3.00 (1H, d, J « 18.2 Hz, 4-CH), 3.71 (3H, 8, OCH 3 ) 4-50 (1H, qua, J = 
6.0 Hz, S'-CH), 4.60 (1H, m, 3'-CH), 5.42 <1H, 8, 4'-CH), 5.56 (1H, 8, 
l'-CH), 6.03 (1H, a, 1-CH), 6.58 (1H, d, J * 7.4 Hz, NHOOCF3), 6.72 (1H, 
20 d, J ■ 8.8 Hz, Quin-H), 6.78 (1H, d, J « 8.8 Hz, Quin-H), 8.24 (4H, 
br 8, PNB). 

IR (Nicolet, 205 FT, film on NaCl plate): cm" 1 , 3340.0, 3084.6, 2950.7, 
2857.2, 1732.8, 1664.3, 1533.4, 1349.7, 1268.7, 1159.7, 1013.3, 955.70, 
837.03, 735.00. 
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8t «p 2t (i'S f 1S P 3S)-l-<4 ' -p-nitrobenioyl-3 * -trif luoroacata»ido- 

2 • , 3 • , 6 • -trideoxy-lyxohexopyranoae) -3~mathoxy-eartoonyl-3- 
msthy 1-5 , 10-dioxo-4 , 5 , 10-t r ihy dro- IH-naphtho- [ 2 , 3-c ) -pyran 

5 

The titled compound was obtained following cycloaddition between 1- 
acetoxybutadiene and the quinone from step 1 herein. 

X H NMR (CDC1 3 250 KHz, Broker): 8, 1.16 (3H, d, J - 6.0 Hz, 6'-CH 3 ), 
1.67 (3H, s, 3-CCH3), 2.05 <2H, m, 2'-CH 2 ), 2 * 77 < 1H ' dd ' J * 17 ' 6 Hz * 
10 0.6 Hz, 4-HCH a ), 3.22 <1H, dd, J • 17.6 Hz, 1.8 Hz, 4-HGHe), 3.73 (3H, 
s, OCH 3 ), 4.57 (1H, qua, J - 6.0 Hz, 5'-CH), 4.64 <1H, m, 3*-CH), 5.45 
(lH r d, J " 2.1 Hz, 4'-CH), 5.67 <1H, S, l'-CH), 6.22 (1H, B, 1-CH), 
6.34 (1H, d, J - 8.2 Hz, NHOOCF3), 7.76 (2H, m, 7, 8-ArH), 8.08 (2H, m, 

6, 9-ArH), 8.28 (4H, m, PNB) • 

15 IR (Nieolet, 205 FT, film on MaCl plate): cm" 1 , 3331.7, 2957.1, 1734.1, 
1708.5, 1666.4, 1595.6, 1527.9, 1271.3, 1216.2, 1181.61, 1165.8, 1104.5, 
1013.2, 954.94, 731.40, 721.96. 

Step 3t (l'S, IS, 3S)-l-(3 , -trifl»oroacet«eid«>-2' ,3* ,6'-t;rideoxy- 

20 lyxohexopyranose ) -3-eethorycarbonyl-3-methyl-5 , 10-dioxo- 

4,5, 10-trihydro- lfi-naphtho- [ 2 , 3-c 1 -pyran (BGH-2081) 

The precursor from step 2 herein was hydrolyzed with sodium methoxide 
(catalytic) aa per previously described procedure. The product had: 

25 A H NMR <CDC1 3 250 MHz, Broker): 6, 1.23 <3H, d, J - 6.1 Hz, 6 B -CH3 ) , 

1.64 (3H, s, 3-GB 3 ), 1.79 <1H, d tr, J ■ 12.9 Hz, 3.8 Hz, 2*-HCB a ), 1.88 
(1H, dd, J - 13.0 Hz, 4.7 Hz, -2 , -HCH e ) , 1.94 (1H, d, J » 7.6 Hz, 2'- 
OH), 2.74 <1H, d, J • 18.8 Hz, 4-HGB a ), 3.17 <1H, d, J - 18.8 Hz, 4- 
HCHe), 3.61 (1H, d, J - 7.8 Hz, 4*-CH), 3.71 (3H, s, OCH 3 ), 4.32 (1H, m, 

30 3'-CH), 4.40 (1H, qua, J - 6.1 Hz, 5 4 -CH), 5.50 (1H, d, J - 3.5 Hz, 1'- 
CH), 6.15 (1H, s, 1-CH), 6.67 (1H, d, J ■ 8.8 Hz, NHOOCF3), 7.74 (2H, m, 

7, 8-ArH), 8. 07 (2H, m, 6, 9-ArH) • 

IR (Hicolet, 205 FT, film on HaCl plate): cm" 1 , 3422.1 (br str), 
2928.1, 2853.9, 1720.3, 1668.9, 1594.7, 1292.0, 1183.5, 1166.4, 1009.3, 
35 986.49, 728.24. 

Example 57: Preparation of <l'S,lS,3S)-l-<3 ' -trif luoroacetaaido- 

2 • ,3 ' ,6 •-fcrideoxy-lTxo-X*-b>exopyranose)-3- 
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diNthoxyphosphoaoacetyl-3 ,4,5, 10-t«trahydro-5 , 10- 
dloxo-naphtho- [ 2 , 3 -c ) thiopyrau (BCH-2037 .001) 





BCH-2037.001 

5 

Buaplt 1 

Step 1« Preparation of (1*8,18,38) and (l'8,l*,3R)-l-<3 

trillMmMtttldo*2 • , 3 • , 6 ' -trid«oxy-L-lyxohexopyrano»a)-3- 
10 eo«tyl-5 , »-di**thoxy-thi^i*©chro»an 

The compound from step 1, example 13, and daunosamine pracursor (259 mg, 
0.66 mmole) wert diaaolved in CH 2 Cl 2 (25 ml) and left stirring in 
presence of molecular sieve for 30 minutes before DDQ (150 mg, 0.66 
mmole) was added. The resulting mixture was stirred for 2 1/2 hours. 
NaHC0 3 (5% solution) was added and the aqueous layer was extracted with 
ra 2 c ^2* Tfto co|nbinod organic phases were washed with H 2 0, dried over 
MgS0 4 , filtered and concentrated in vacuo. The crude obtained was flash 
chromatographed using TolxEE (9:1) to give a pure mixture of two titled 
isomers (in 60% yield) which was used to carry out the next step* 
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Step 2t Preparation of (1*8,18,38) and <l*8,lR,3R)-l-<4--p- 

nitrabensovl-3 * -trif luoroaeetamido-2 • , 3 • , € • -trideoxy-I*- 
lTXohaxopyranosa ) -3-acstrl-5 , 8-dioxo-4 ,5, 8-trihydro-lH- 
b«aio- I 2 , 3-e J -pyran 

5 

The compound from step 1 herein (112.7 mg, 0.18 nmole) was dissolved in 
acetonitrile (5 ml), cooled to 0°C, followed by the addition of NaHC0 3 
(29 mg, 0.34 nmole) and some H 2 0. The resulting mixture was stirred for 
5 minutes before CAN (296 nag* 0.54 mmole) was added. After all CAN was 
10 added, the reaction mixture was stirred 10 minutes extra 0°C, then 
warmed to room temperature. H 2 0 was added and it was extracted with 
CH 2 C1 2 . The combined organic phases were washed with H 2 0, dried over 
MgS0 4 , filtered and concentrated in vacuo. The crude containing a 
mixture of two titled diastereoisomers was used in the following step. 

Step 3s * ( 1 ' 8 , IS , 38 ) - 1- ( 4 1 -p-nitrobenzoy 1-3 ' -trif luoroacataaido- 

2 • , 3 ' , 6 • -tridaoxr-Ii-lyxohszoprraiioaa ) -3-acetyl-5 r 10-dioxo- 
3,4,5, lO-tetrahydro-lH-naphtho- [ 2 , 3-c ) -thiopyran 

20 Following the example 1, step 1, a mixture of the two titled adducts was 
obtained which could be separated via flash chromatography. The first 
eluent had: 

2 H NMR (acetone-d 6 , 250 MHz, Bruker): 6, 1.23 (3H, d, J « 5.6 Hz, 6'- 
CH 3 ), 1.70-1.90 (2H, m, 2«-CH 2 ), 2.44 (3H, s, COCH 3 ), 2.84 (1H, dd, J « 

25 17.8 Hz, 11.8 Hz, 4-HCH a ), 3.36 (1H, dd, J « 17.8 Hz, 4.1 Hz, 4'-HCHe), 
4.53 (1H, dd, J - 11.8 Hz, 4.1 Hz, 3-CH), 4.60 (1H, m, 3'-CH), 4.75 (1H, 
qua, J - 5.6 Hz, S'-CH), 5.53 (1H, s, 4'-CH), 5.70 (1H, d, J - 2.3 Hz, 
l'-CH), 6.13 (1H, s, 1-CH), 7.90 (2H, m, 7, 8-ArH), 8.12 (2H, m, 6, 9- 
ArH), 8.39 (4H, m, PNB) , 8.65 (1H, d, J - 5.8 Hz, NHCOCF3). 

30 The second eluent had: 

X B NMR <acetone-d 6 , 250 MHz, Bruker): 5, 1.32 (3H, d, J - 6.8 Hz, 6'- 
CH 3 ), 2.39 (3H, s, COCH3) , 1.94 (1H, dd, J - 12.3 Hz r 4.1 Hz, 2'-HCH a ), 
2.50 (1H, tr d, J - 12.3 Hz, 2.9 Hz, 2'-HCHe), 2.89 (1H, dd, J « 18.2 
Hz, 11.2 Hz, 4-HCH m ), 3.35 (1H, dd, J - 18.2 Hz, 3.5 Hz, 4-HCHe), 4.41 

35 (1H, dd, J - 11.2 Hz, 3.5 Hz, 3-CH), 4.52 (1H, m, 3'-CH), 4.66 (1H, qua, 
J « 6.8 Hz, 5'-CH), 5.47 (1H, B, 4'-CH), 5.74 (1H, d, J « 2.9 Hz, 1'- 
CH), 6.31 (1H, s, 1-CH), 7.91 (2H, m, 7, 8-ArH), 8.14 (2H, m, 6, 9-ArH) , 
8.38 (4H, m, PNB), 8.68 (1H, d, J » 7.1 Hz, NHCOCF3). 
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Step At (l'8,18,3S)-l-<3^ri£lttor€>ac*t^«ido-2' r 3*,6'-tri^oxy-I^ 

lyxohexopyraaose) -5 , lO-dloxo-3 , 4 , 5 , 10-tet rahydro- lH-naphtho- 
[2,3-c]-thiopyran (BCH-2037 .001) 

5 *H NMR (CD CI 3 250 MHz, Bruker): 8, 1.43 (3H, e, 6'-CH 3 ), 1.83-1.98 <2H, 

m, 2'-CH 2 )' 2 - 37 < 3H ' OOCB 3)» 2 - 90 < 1H ' dd ' J " 17 - 8 Hr ' 12 Hx ' 4 " 
HCH a ), 3.32 (1H, dd, J - 17.8 Hz, 4.1 Hz, 4-HCH*), 3.61 (1H, br a, 4'- 
CH), 4.07 (1H, dd, J - 12.0 Hz, J - 4.1 Hz, 3-CH) , 5.53 (1H, a, l'-CH), 
6.21 <1H, s, l-CH), 6.74 (1H, d, J - 7.6 Hz, NHCOCF3), 7.76 (2H, m, 7, 
10 8-ArH ) , 8.12 (2H, m, 6, 9-ArB) . 

Bxaaple 58i Preparation of (1 'S,lR,3R)-l-(3 ' trif luoroacetamido- 

2 8 , 3 • , 6 • ^rideoxy-lyao-X^bosopyreaeee ) -3- 
diaethoxyphosphonoacetyl-3 ,4,5, 10-tetrahydro-5 , 10- 
15 d^oxo-naphtho-[2,3-c) pyran (BCH-2127) 



00. 00 

• umvi I innvi 



PNBO OT NHTFA 

BCH-2127 

Step It (1*8, 1ft, 3R) -1- (3 ' -trif luoroacatamido-2 ' , 3 ' , 6 • -trideoxy-L- 

20 lyxohex0pyraaose)-3-acetyl-5 , 10-dioxo-3 ,4,5, 10-tatrahydro- 

lB-aaphtho- I 2 , 3-c ) -DilopT ran (BCH-2127) 

The second eluent from step 3, example 57, was hydrolyaed with catalytic 
sodium methoxide in methanol. The titled compound had: 

25 *H NMR (CDCI3 250 MHz, Bruker): 8, 1.43 (3H, d, J - 6.5 Hz, 6'-GH 3 ), 
1.80-2.00 (2H, m, 2 f -CB 2 )* 2 - 37 < 3H ' B ' OOCH3), 2.91 (1H, dd, J « 18.3 
Hz, 11.8 Hz, 4-HCH a ), 3.33 (1H, dd, J « 18.3 Hz, 4.7 Hz, 4-HCHe) , 3.60 
(1H, br s, 4-CH), 4.07 (1H, dd, J « 11.8 Hz, 4.7 Hz, 3-CH), 4.25 (1H, m, 
3--CH), 4.35 (1H, qua, J - 6.5 Hz, 5«-CH), 5.53 (1H, d, J » 2.4 Hz, 1'- 

30 CH), 6.21 (1H, s, l-CH), 6.74 (1H, d, J « 7.6 Hz, NHCOCF3), 7.76 (1H, m, 
7, 8-ArH) , 8.14 (2H, m, 6, 9-ArH). 

Example 59: Preparation of (l*8,18,38)-l-(3*^rifluoxoacetamido- 

2 • , 3 # , 6 ' -trideoxy-lyxo-Ii-hexopyrano»e)-3-acetyl-3- 
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Mthyl-3 ,4,5, lO-tetrahydro-5 , 10-dioxo-lH-naphtho- [2,3- 
e] pyran (BCH-2090) 




5 

Step is 3-acetyl-3-methyl-5,8-dimethoxy isochroaan 

The compound from step .1, example 53, (126.5 mg, 0.474 nmol) was 
dissolved in ether and then cooled to -78°C. Methyllithium (1.4 M in 

10 ether (0.71 ml, 0.995 nmol) was added. After 10 minutes methanol was 
added. The reaction mixture was acidified with HC1 (0.5 N) and 
extracted with ethyl acetate. The organic layer was dried over sodium 
sulfate and then evaporated to give a crude product (121 mg). *H HKR 
showed that it was a mixture of starting material and product in 1:1 

15 ratio. Chromatography allowed i solution of the desired titled product 
as a gel. 

X B MMR (CDC1 3 250 MHz, Bruker) : 6, 1.37 (3H, 8, 3-CCH 3 >, 2.24 (3H, s, 
COCH3), 2.59 (1H, d r J * 17.6 Hz, 4-CH) , 2.99 (1H, d, J « 17.6 Hz, 4- 
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CH), 3.74 (3H, e, OCH 3 >, 3.76 (3H, 8, OCH 3 ), 4.77 (2H, 8, 1-CH 2 >' 6 - 57 
(1H, d, J » 9.4 Hz, ArH), 6.62 (1H, d f J ■ 9.4 Hz, ArH). 
IR (Nicolet, film on NaCl plate): cm" 1 , 2941.9, 2834.4, 1721.6, 1482.4, 
1340.2, 1257.0, 1061.4, 795.30, 716.80 

5 

Step 2t (1*8,18,38) and ( 1 • 8, IS, 3R)-l-(4 « -p-nitroben*oyl-3 ' - 

trif luoroaeetamido-2 • , 3 • , 6 • -trideoxy-Ii-ly*ohe*opyranose )-3- 
acetyl-3-mathy 1-5 , 8-dimethoxy-isochroman 

10 The compound from step 1 herein (67 mg, 0.268 mmol) was stirred with DDQ 
(91.3 mg, 0.422 mmol) and 4 *, 5 * -protected daunosamine (157 mg, 0.402 
mmol) in methylene chloride at 40°C for 24 hours. The solvent was 
evaporated. The crude product was chromatographed (hextBtQAc « 10s 4) to 
give the titled compounds (88 mg containing two isomers in 2*1 ratio 

IS inseparable) • 

X B NKR (CDCI3 250 kHz, Bruker): 5, 1.23 (3H, d, J « 6.0 Hz, K-f-CRz), 
1.22 (3H, d, J - 6.0 Hz, B-6'-CH 3 ), 1.44 (3H, s, A-3-CCH 3 ), 1.66 (3H, 8, 
B-3-CCH3), 1.84 (1H, m, A-2'-CH), 1.84 (1H, m, A-2--CH), 1.84 (1H, m, 
B-2--CH), 2.14 (1H, m, A-2'-CH), 2.15 (1H, m, B-2--CH), 2.80 (1H, d, J ■= 

20 15.9 Hz, A-4-CH), 3.02 (2H, s, B-4-CH 2 ), 3 - 14 C 18 ' d, J - 15.9 Hz, A-4- 
CH), 3.77 (6H, s, B-OCH3), 3.80 (6H, s, A-OCB3), 4.41 (1H, qua, J - 6.0 
Hz, B-S'-CH), 4.47 (1H, m, B-3'-CH), 4.56 (1H, qua, J - 6.0 Hz, A-5'- 
CH), 4.61 (1H, m, A-3'-CH), 5.40 (1H, s, B-4--CH), 5.44 (1H, s, A-4'- 
CH), 5.61 (1H, d, J * 2.5 Hz, B-l'-CH), 5.70 (1H, d, J « 2.2 Hz, A-l'- 

25 CH), 6.35 (1H, s, B-l-CH) , 6.37 (1H, s, A-l-CH), 6.41 (1H, d, J ■ 7.6 
Hz, B-NHCOCF3 ) , 6.46 (1H, d, J - 7.8 Hz, A-NHCOCF3), 6.76 (2H, m, B- 
ArH) , 6.81 (2H, m. A- ArH) , 8.25 (8H, br s, A-FNB, B-PNB). 
IR (Nicolet, 205 FT, film on NaCl plate): cm" 1 , 3327.9, 2945.2, 2840.3, 
1732.6, 1528.4, 1489.4, 1351.8, 1263.4, 1167.8, 1116.3, 1105.2, 969.06, 

30 948.80, 801.62, 720.66. 

Also obtained from this reaction (34 mg) was (1'S, IR, 3S)-l-(4'-p- 
nitrobenzoy 1-3 • -trif luoroacetamido-2 • , 3 • , 6 • -tr ideoxylyxohexopyranose ) -3- 
acetyl-3-tttethyl-5,8-dJjnethoxy-isochroman which had: 

*H NMR (CDCI3 250 KHz, Bruker): 5, 1.18 (3H, d, J « 7.6 Hz, e*-CB 2 ) f 
35 1.51 (3H, s, 3-CCH3), 2.00-2.10 (2H, m, 2'-CH2), 2.84 (1H, d, J - 17,1 
Hz, 4-CH), 2.96 (1H, d, J - 17.1 Hz, 4-CH) , 3.77 (3H, s, OCH3), 3.78 
<3H, 8, OCH3), 4.54 (1H, qua, J - 7.6 Hz, 5'-CH), 4.62 (1H, m, 3'-CH), 
5.46 (1H, d, J - 2.1 Hz, 4'-CH), 5.56 (1H, S, I'-CH), 6.14 (1H, S, 
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1-GH), 6.41 <1H, d, J - 7.6 Hz, NHCOCF3), 6.70 (1H, d, J • 8.8 Hz, ArH) , 
6.76 (1H, d, J • 8.8 Hz, ArH) , 8.26 (4H, m, PNB). 

IR (Nicolet, 205 FT, film on HaCl plate): cm" 1 , 3336.5, 2940.0, 2834.3, 
1730.3, 1527.2, 1481.4, 1266.3, 1163.6, 975.8, 718.02. 

5 

Step 3s (l'B, 18,38) and (1*8, 18, 3R) -1- < 4 ' -p-nitroban»oy 1-3 • - 

trifluoroacetamido-2 • , 3 • ,6 * -tridaoxY-lyxohaxopyranoae)-3- 
acetrl-3-«athyl-5 , 8-dioxo-4 , 5 , 8-trihydro-lH-benso- [ 2 , 3-c J - 
pyran 

10 

CAN oxidation of tha products from atap 2 harain gava tha tit lad 
quinonee <as per procedure atep 2, example 14). 

X H HMR (COCI3 250 KHz, Bruker) : 6, 1.30 (3H, d, J - 6.0 Hz, A-6'-CH3), 
1.27 (3H, d, J - 6.1 Hz, B-6'-CH 3 >, 1.44 (3H, a, A-3-CCH 3 ), 1.44 (3H, a, 

15 B-3-CCH3), 1.80-2.30 <4B, m, A-2'-CH 2 ' B-2'-CH 2 )# 2.62 (1H, d, J « 

18.1 Hz, A-4-HCB.), 2.72 (1H, d, J - 18.1 Hz, A-4-HCHe) , 2.70 (1H, d, J 
- 18.0 Hz, B-4-CH), 3.25 (1H, d, J - 18 Hz, B-4'-CH), 4.41 (1H, m, B-3'- 
CH), 4.56 (IB, B, A-3--CH), 4.57 (1H, qua, J - 6 Hz, B-S'-CH), 4*72 <1H, 
qua, J - 6 Hz, A-5'-CH), 5.38 (1H, 8, B-4--CH>, 5.42 (1H, a, A-4'-CH), 

20 5.58 (1H, d, J - 2.4 Hz, B-l'-CH) , 5.66 (1H, d, J ■ 2.9 Hz, A-l f -CH), 
5.98 (1H, a, B-l-CH), 6.02 (1H, a, A-l-CH) , 6.45 (1H, d, J - 8.1 Hz, 
B-NHCOCT3 ) , 6. 55 (IB, d, J * 8 Hz, A-NHOOCF3 ) , 6.70-6.87 (4H, m, A-6, 7- 
Quin, B-6, 7-Quia), 8.28 (8H, m, A-PNB, B-PNB) . 

IR (Nicolet, 205 FT, film on NaCl plate): cm" 1 , 3327.5, 3084.6, 2984.9, 
25 2938.2, 1723.4, 1661.1, 1533.4, 1352.8, 1278.0, 1215.7, 1169.0, 1122.3, 
948.30, 730.86. 

Step 4t (1*8,18,38) and (1*8, IS, 3R)-l-<4 ' -p-nltrobaaioyl-3 ' - 

trlflaoroacatamldo-2 • , 3 • , 6 • J4aoxr-lr*ohaxopyraaoae) -3- 
30 ae*tyl-3-«ethyl-5 , 10-diozo-4 , S , 10-trihydro- lH-naphtho- [2,3- 

c)-pyran 

The quinone from atep 3 herein was cycloadded with 1-acetoxybutadiene aB 
per procedure described in atep 3, example 14. The (1'S,1S,3R) titled 
35 compound had: 

X H NMR (CDCI3 250 KHz, Bruker) : 5, 1-35 <3H, d p J - 5.9 Hz, 6'-CB 3 ), 
1.49 (3H, 8, 3-CCH 3 ), 1.95 (1H, dd, J - 12.6 Hz, 4.7 Hz, 2'-CH), 2.12 
(1H, d tr, J * 12.6 Hz, 2.9 Hz, 2'-CH), 2.71 (1H, d, J • 18.2 Hz, 4-CH) , 
2.89 (1H, d, J * 18.2 Hz, 4-CH), 4.60 (1H, m, 3*-CH), 4.85 "(1H, qua, J * 
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5.9 Bz, 5*-CB), 5.47 (1H, br 8, 4*~GH), 5.71 <1H, d, J • 2 Hz, l'-CH), 
6.21 (1H, d, J - 1.2 Bz, 1-CH), 6.42 (IB, d, J » 7.6 Hz, NBCOCF3), 7.78 
(2B, m, 7, 8-ArB), 8.14 (2B, m, 6, 9-ArH), 8.31 (4H, m, PNB) • 
IR (Nicolet, 205 FT, film on NiCl plate): em" 1 , 3336.3, 2922.6, 2852.6, 
5 1726.0, 1666.8, 1532.8, 1346.3, 1273.5, 1212.3, 1165.6, 1119.0, 1098.6, 
996.7, 952.96, 836.3, 722.58. 
The (1*S,1S,3S) diaatereomer had: 

X H HMR ( CD CI 3 250 MHz, Broker): 5, 1.31 (3H; d, J - 5.9 Bz, 6*-CH 3 ), 
1.47 (3H, s, 3-CCH3), 1.89 (1H, dd, J ■ 11.8 Hz, 5.3 Hz, 2 v -BGB a ), 2.06 
10 (1H, d tr, J - 11.8 Hz, 4.1 Bz, 2 '-acq,), 2.55 (1H, d, J - 17«8 Hz, 4- 
HCH a ) ff 3.40 (1H, d, J - 17.8 Hz, 4-BCB,), 4.45 (IB, a, 3 f -CB), 4.66 (1H, 
qua, J - 5.9 Hz, S'-CH), 5.43 {1H, a, 4»-CH), 5.63 (1H, d, J » 2.3 Bz, 
1*-CH), 6.17 (1H, s, 1-CH), 6.30 <1H, d, J - 11.8 Hs, HHCOCF3) , 7.77 
(2H, m, 7, 8-ArH) , 8.13 (2H, m, 6, 9-ArH), 3.30 (4H, m, PNB). 

15 

Step 5* (1*8, 18, 38)*l-(3 a ^rifluoroaea^BBdde-2 , ,3%6 a <^idsoxT-Xi- 
lysohejtopy ranoae ) -3-acetyl-3-eathyl-5 , 10-dioxo-4 ,5, 10- 
t rihydro- lH-naphtho- [ 2 , 3 -c ) -pyran (BCB-2090) 

20 Hydrolysis of the (1*S,1S,3S) precureor from step 4 harein gave the 
titled compound. 
M.P. 95°C. 

X H NMR (CDCI3, 250 MHz, Bruker): 6, 1.41 (3H, d, J « 5.9 Bz, 6*-CH 3 ) f 
1.46 (3H, a, 3-CCH3), 1.85 (2H, m, 2 , -CH 2 ), 2.27 (3H, a, COGH3), 2.84 
25 (2H, d, J « 5.9 Bz, 4-CH 2 ), 3.65 (IB, a, 4«-CH), 4.31 (1H, m, 3'HCB), 
4.64 (IB, qua, J - 6.0 Bz, 5'-CH), 5.53 (IB, br a, 1*-CB), 6.15 (IB, a, 
1-CH) ,-6.71 (IB, br d, J - 8.8 Bz, HBOOCP3), 7.75 (2H, m, 7, 8-ArH) , 
8.11 (2B, m, 6, 9-ArH) • 

IR (Nicolet , 205 FT, film on NaCl plate): cm" 1 , 3423.2, 3342.2, 
30 3087.5, 2987.2, 2933.2, 1717.6, 1667.5, 1590.3, 1289.3, 1216.0, 1179.1, 
1167.6, 1124.2, 980.89, 940.05, 918.55, 734.22. 

Example 60s Preparation of (l'8,lB,3B)-l-(3* -trif luoroacetamido- 

2 • , 3 • , 6 • -trideoxy-lyxo-L-hexopyranose) -3- . 
35 dimethi»rrrrfr M r l " w * Mg * # T 1 "* > * r 5 * lO-tetrahydro-5 , 10- 

dioxo-naphtho- [ 2 , 3-c] pyran (BCB-1689) 
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8fcep It 3-broeoacetyl-5,8-dimethoxy-isoclm)ero 

5 The titled compound was prepared by using 5 , B-dimethoxy-3- 
ecetoieochroman and the procedure from step 1, example 8. 

X B NMR (GDC1 3 , 250 MHz, Bruker) t 2.59 (IB, dd, J « 15*9 Bz, 11.8 Bz, 4- 

BCB a ), 3.03 (1H, dd, J - 15.9 Bz, 2.9 Hz, 4-BCB*), 3.74 (3H, a, OCB 3 ) , ' 

3.75 (3H, s, OC83), 4.23 (IB, dd, J - 11.8 Hz, 2.9 Hz), 4.27 (1H, d, J « 
10 13.5 Hz, CHBr) , 4.34 (IB, d, J - 13.5 Hz, CHBr), 4.63 (IB, d, J - 15.9 

Hz, l-BGB a ), 4.96 (IB, d, J - 15.9 Hz, 1-HCH^, 6.63 (2H, m, ArB) . 

Step 2t 3-rtiesthoxy phosphinoacetyl-5 , 8-dimethoxy-isochroman 

15 The titled compound was obtained following treatment of the product from 
step 1 herein with P(OGB 3 ) 3 . 

X BNKR (CDCI3, 250 KHz , Bruker ) , 6s2.57 (dd, 1 H, J - 16.9 Bz, 11 Hz, 4 - 
BGH a ), 2.98 (dd, 1 H, J « 16.9 Bz, 2*9 Bz, 4 - HCH e ), 3.26 (dd, 1 H, J « 
21.5 Bz, 14.5 Hz, COCHP) , 3.54 (dd, 1 B, J « 21.5 Bz, 14.5 Bz, COCHP) , 
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3.71 (a, 3 H, ArOCH 3 ), 3.72 (0, 3 H, ArOCH 3 ), 3.74 (d, 3 H, J « 4.3 Hz, 
POCH3) , 3.78 (d, 3 H, J - 4.3 Hz, POCH 3 ), 4.11 (dd, 1 H, J - 11 Hz, 3.4 
Hz, 3 - CH), 4.63 (d, 1 H, J - 16.3 Hz, 1 HCH a ) , 4.97 (d, 1 H, J « 16.3 
Hz, 1 - HCHq), 6.60 (m, 2 H, 6.7 - ArH) • 
5 IR (Nicolet, 205FT, film on NaCI plate), cm" 1 : 2954.3, 2836.7, 1725.5 
(str), 1603.9 (W), 1482.2, 1259.2 (etr), 1034.7, 799.10, 715.8. 

Step 3i (1'8,1S,3R) <l*S,lH,38)-5,8-d*me*b*xyl<2 ' ,3 ■ ,6 '-trideoxy-3 

trifluoroacetamido-4 • -p-ni.troben«oyl-I#-lyxohexopyrano»e ) -3- 

10 fl i »eth jl pnogphfrwitrnr^ty^ isocarosaa 

To a stirred solution of the phosphonate from step 2 herein (199 mg, 0.58 
mmole) with 4 - PHB - 3 - TFA - daunos amine (270 mg, 0.69 mroole) in 
clichloromethane (60 ml) was added 4 pelets of molecular sieves (4A~). 

15 This was followed by addition of dichlorodisyanoguinone (DOQ, 170 mg,. 

0.75 mmole) in one portion. The resulting green liquid was stirred at 40 
°c (controlled by an Ikamag-Ret-G-Heating-Stirring system) in a enclosed 
system for 25 hours then at room temperature (without heating) for 48 
hours. The resulting muddy mixture was evaporated and then directly 

20 chromatographed (BexsKA » Is 1.5) to yield the desired titled glycosides 
(diastereomerlc mixture A and B, as light-colored glassy material, 407 
mg). 

1 HNMR (CDC1 3 , 250 MHz, Bruker), 6:1.20 <d, 3 H, J « 7.0 Hz, 6' - CH 3A ) , 

1.23 (d, 3 B, J - 7.0 Hz 6* - CH 3B ), 1.82 (dd, 1 B, J - 12.2 Hz, 4.5 Hz, 
25 2* - HCHj^), 1.91 (dd, 1 H, J - 12.3 H$, 4.6 Hz, 2* - HCH^) , 2.07 (dt, 

1 H, J - 12.3 Hz, 3.5 Hz, 2' - HCH Xo ) , 2.20 (dt, 1 H, J - 12.4 Hz, 4 Hz, 
2* - HCB^), 2.54 (dd, 1 H, J - 16.9 Hz, 13.4 Hz, 4 * HCH Ba ) , 2.60 (dd, 

1 H, J « 17 Hz, 11 Hz, 4 - BCX^), 2.96 (dd, 1 B, J » 11 Hz, 3.5 Hz, 4 - 
HCH Ae ), 3.03 (dd, 1 H, J « 11.1 Bz, 3.3 Bz, 4 - BCS M ) , 3.74 - 3.87 

30 (8xs, 24 B, 2 x ArOCH 3A , 2 x ArOCB 3B , 2 x POCH 3A , 2 x POCB 3B ), 4.41 

(qua, 1 B, J • 6.0 Hz, 5* - CH B ), 4.50 - 4.68 (M, 4 B, 3 ' — CH A , 3' - 
CB B , 3 - CH A , 3 - CB B ) , 4.70 (qua, 1 B, J - 7.0 Hz, 5« - CB A ) , 4.99 (d, 

2 H, J « 16 Hz, COCH 2 A p >' 5.03 (d, 2 H, J ■ 16.7 Hz, CoGH 2 B p >' 5 - 41 < 8 ' 
1 B, 4' - CH B ) , 5.47 (8, 1 B, 4' - GH A ) , 5.57 (s, 1 B, 1' - CH B ), 5.61 

35 (s, 1 H, 1' - CB A ), 5.98 (8, 1 H, 1 - CB B ), 6.15 (s, 1 B, 1 - CB A ) , 6.71 
(qua, 2 B, J » 8.7 Hz, 6.7 - ArH B ), 6.75 (qua, 2 B, J « 8.5 Hz, 6.7 - 
ArH A ), 6.89 (d, 1 H, J - 7.0 Hz, NH B OOCF 3 ), 7.05 (d, 1 H, J - 7.0 Hz, 
NH A OOCF 3 ), 8.21 (m, 8 B, 4 x C0ArB A N0 2 , 4 x C0ArB B N0 2 ). 
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step 4s 



[(1*S,18,3R) and (l f 8,Ut,38)-l-<2 * , 3 , 6 ' -trideoxy-3 • - 

trif luoroacetamido-4 ' -p-nitrobensoylH^lyxohexopyraaose)»3~ 

dime thy lphosphonoacethyl-3 r 4 , 5 , 8-tetrahydronaphthaieno- [2,3- 



c ) -py ran 



5 

To a solution of glycoside from step 3 herein (98 mg, 0.13 mmole) in 8 
ml of acetonitrile cooled to 0°C was added sodium bicarbonate powder (22 
mg, 0*27 mmole). This was followed by dropwise addition of aqueous 
cerium ammonium nitrate (CAN, 298 mg, 0.54 mmole in 3.0 ml of water). 
10 After 10 minutes at 0°C, the reaction mixture was poured to water (20 
ml) and extracted with dichloromethane (4 x 10 ml). The organic layer 
was dried (over sodium sulfate) and evaporated to give the titled 
guinones as a glassy mixture (85 mg). 

1 HNMR (CDC1 3 , 250 MHz, Bruker), 5:1-15 (d, 1 H, J - 6.4 Hz, 6* - GH 3B ), 
15 1.30 (d, 1 H, J - 6.4 Hz 6' - CH 3A ), 2.44-1.80 (M, 4 H, 2 - HCH Aa , 2 - 
HCH^, 2 - HCHj^, 2 - BCH^), 2.41 (dd, 1 H, J ■ 16.6 Hz, 11.6 Hz, 4 - 
HCH Ba>' 2 * 48 < dd ' 1 H, J - 16.6 Hz, 11.3 Hz, 4 - HCH^) , 2*83 (dd, 1 H, 
J - 17.0 Hz, 5.23 Hz, 4 - HGHj^), 2.85 (dd, 1 H, J - 16.6 Hz, 5.0 Hz, 4 
- BGHge) , 3.79 (s, 3 H, FOGB 3A ), 3.84 (s, 3 B, POCH 3A ), 3.82 (d, 3 B, J 
20 - 2.1 Hz, POCH 3B ), 3.87 (d, 3 B, J » 2.1 Hz, POCH 3B ) , 4.34 (qua, 1 H, J 
* 7.0 Hz, 5* CH B ), 4.48 - 4.60 (m, 4 B, 3 - CH A , 3 GH B , 3' - CH A , 3' - 
CH B ) , 4.64 (qua, 1 H, J « 7.0 Hz, 5* - GH A ), 5.04 (d, 2 B, J - 25 Hz, 
COCH 2A P), 5.05 (d, 2 B, J • 31 Bz, COCH 2B P), 5.43 (8, 2 H, 4', GH A , 4' - 
CHg) , 5.55 (8, 1 H, 1'- CH A ), 5.61 (8, 1 H, 1* - GH B ) , 5.81 (6, 1 B , 1 
25 * GH B ), 5.97 (s, 1 B, 1 - GH A ) , 6.79 (m, 2 B, 6.7 - ArB B ), 6.82 (m, 2 B, 
6.7 - ArB A ) , 8.27 (s, 8 B, 4 x OOarB A N0 2 , 4 x COArH B N0 2 ). 

Step 5s ( 1 • 8 , 1R, 38 ) -1- ( 2 1 , 3 ' , 6 • -trideoxy-4 * -p-niprohensoyl-3 1 - 



The compounds from step 4 herein (85 mg, 0.121 mmol) were heated with 1- 
acetoxy- 1,3 -butadiene (86 |ll, 0.723 mmol) in toluene at 45°C for 28 
35 hours. Solvent was evaporated and the crude product was chromatographed 
three timed ( toluene :Bt0Ac: BOMex acetone: HO Ac • 240:75:10:10:1) to give 
the (1'S,1R,3S) isomer (21 mg) and the (1»S,1S,3R) isomer (18 mg). The 
titled compound had: 



30 



trif luoroacet ami rto-I*-lyxohexo pyranose ) -3-d i methyl 
phosphonoacetyl-5 , 10-dioxo-3 ,4,5, 10-tetrahy dro- 1H- 



naphtho [ 2 , 3-c J -pyran 



191 




WO 94/11382 



FCI7CA93/00463 



X H KMR (CDC1 3 , 2SO MHz, Broker) t 6, 1.19 (3H, d, J « 7.0 Hz, 6'-CH 3 ), 
2.03 (1H, m, 2-HCH a ), 2.07 (1H, m, 2-HCB e ) , 2.56 (1H, dd, J » 18.2 Hz, 
11.8 Hz, 4-HCH a ), 3.05 (1H, dd, J - 18.2 Hz, 4.7 Hz, 4-HCHe), 3.85 (3H, 
d, J - 2.0 Hz, POCH3) , 3.91 (3H, d, J - 2.0 Hz, POCH3) , 4.40 (1H, qua, J 
5 - 7.0 Hz, S'-CH), 4.60 (1H, m, 3--CH), 4.65 (1H, dd, J - 11.8 Hz, 4.7 
Hz), 5.04 (1H, br a, CHP), 5.17 (1H, tr, J - 2.0 Hz, CEP), 5.42 (1H, a, 
4'-CH>, 5.71 (1H, a, I'.-GH), 6.00 (1H, 8, 1-CH), 6.48 (1H, d, J - 7.6 
Hz, NHCOCF3) , 7.76 (2H, m, 7, 8-ArH) , 8.10 (2H, m, 6, 9-ArH), 8.27 (2H, 
d, J - 8.0 Hz, PNB) , 8.32 (2H, d, J - 8.0 Hz, PNB). 
10 1R (Hicolet 205 FT, film on MaCl plate): cm* 1 , 3323.0, 3242.5, 3077.6, 
2965.0, 1730.3, 1661.9, 1593.5, 1529.2, 1271.8, 1193.2, 1050.8, 864.0, 
835.7, 722.1. 

The second compound, (1*S, lS,3R)-l-(2 • ,3* # 6'-trideoxy-4 '-p-niprobenroyl- 
3*-trifluoroacetamido-L-lyxohexo pyxanose ) -3-dimethy 1 phoaphonoacetyl- 
1S 5 , 10-dioxo-3 ,4,5, 10-tetrahydro-lH-naphtho [ 2 , 3-c J -pyran had t 
M.P. 135-137°C. 

1 H HMR (CDC1 3 , 250 MHz, Broker) t fi, 1.33 (3H, d, J - 6.4 Hz, 6'-CH 3 ), 

2.01 (1H, br tr, J - 11.8 Hz, 3'-HCH a ), 2.15 (1H, br tr, J - 11.8 Hz, 
3'-HCH„), 2.62 (lfi, dd, J - 18.8 Hz, 12.1 Hz, 4-HCH a ), 3,01 (1H, dd, J «= 

20 18.8 Hz, 4.4 Hz, 4-HCH^) , 3.81 (3B, 8, FOGH3) , 3.86 (3H, a, POCH3) , 4.58 
<1H, m, 4*-CH) , 4.60 (1H, dd, J - 12.1 Hz, 4.4 Hz, 3-CH), 4.79 (1H, qua, 
J * 6.4 Hz, 6-CH), 5.02 (1H, br a, PCB), 5.13 (1H, br a, PCS), 5.46 (1H, 
a, S'-CH ), 5.62 (1H, a, l'^CH), 6.14 (1H, a, 1-CH) , 6.63 {1H, d, J = 

8.2 Hz, HBOOCF3), 7.79 (2H, m, 7, 8-ArH), 8.16 (2H, m, 6, 9-ArH), 6.30 
25 (4H, m, PNB). 

IR (Nicolet 205 TT, film on MaCl plate) 1 cm" 1 , 3322.0, 3242.5, 3083.5, 
2959.0, 2853.0, 1729.5, 1668.6, 1597.0, 1525.5, 1276.4, 1183.7, 1045.9, 
853.9, 724.2. 

30 8tep 61 ( 1 • 8 , 1R, 3B) -1- ( 2 • , 3 • , 6 • -trideoxy-3 1 -trif luoroacetaaido-L- 



The PNB-protected ketophoaphonate from atep 5 herein (21 mg, 0.028 nmol) 
35 waa diaaolved in THF-MeOH (3 ml of each) and cooled to 0°C. Sodium 
methoxide (4.3 m, 6.5 111) waa added. After atirred for 5 minutes at 0° 
C, the crude mixture (pink) waa acidified with 0.1 H aqueous hydrogen 
chloride. It waa extracted with methylene chloride, dried (over sodium 
aulfate) and evaporated to give a crude product which waa recryatallized 



lyxohexopyranose ) -3-d i met hylphospbonoacatyl-S , 10-dioxo- 
3,4, 5-10-tetrahydro-ia-naphtbo- [ 2 , 3-c J -pyran (BCH-I6B9) 
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from methylene chlorite and hexane to give th« dtiir«d product (10 mg) 
as an off-white solid. 
M.P. 95-97°C. 

*H MHR (GDC1 3 , 250 MHz, Broker) t S, 1.25 (3H, d, J - 8.2 Hz, 6'-CH 3 ), 

5 1.63-1.98 (2H, m, 2*-CB 2 )' 2 - 53 I 1 *' M ' J m 17 * 6 ' 1X - B Hz ' 4-BCH a ), 

3.00 (lB r dd, J - 17.6 Hz, 3.5 Hz, 4-BCHe), 3.62 (1H, br b, 4«-GH), 3.82 
(3H, a, POCH3), 3.86 (3H, a, POCH 3 ) r 4.16 (1H, qua, J - 8.2 Hz, 5*-CB), 
4.34 (1H, m, 3'-GB), 4.62 (1H, dd, J » 11.8 Hz, 3.5 Hz, 3-CH) , 5.01 (1H, 
8, OTP), 5.12 (1H, a, CHP), 5.54 (1H, a, l'-CH), 5.94 (1H, a, 1-CH) , 
10 6.82 (IB, d, J - 7.1 Hz, NHCOCF3), 7.74 (2H, m, 7, 8-ArH), 8.06 (2B, m, 
6, 9-ArH). 

IR (Nicolet 205PT, film on HaCl plate): cm" 1 , 3421.4 (br), 3080.8, 
2960.1, 1718.4, 1664.5, 1556.7, 1457.6, 1283.0, 1188.1, 1043.7, 983.4, 
858.9, 728.4. 
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• 61s Various C-2' axlaly io«Hn«til prrmnylaaphthoq n i non « 

glyeosida* 



AcO AcO „_X 

H,CO 

1' 

OCH, O OCH, O OCH, O OCH, O 

H,CO 5 *CO O H,CO O * H,CO O 

"^Y ^ 

HO i AcO | AcO UAC I HO { 

1 4 |6 |8 |U 

OO on OO OO 



Qcf- Cgf* 0?*" 0? 

HO J AcO J AeO I ""I 

|5 |7 |9 1 12 



oCc^ oCo^ o^?^ 
^ ^ 

BCH4015 BCH-1666 BCH-1667 BCH-2014 

Step Xt 3 , 4-Di-O— acetyl-2-iodo-2 , f -dideoxyf ucosa 



5 



To a mixture of di-O-acetyl fucal (3.029 g, 14.140 mmol) in 180 ml of 
acetonitrile and 18 ml of water was added portionwise the NIS (3*590 g, 
10 15.554 mmol). After stirring for 30 minutes the mixture was extracted 
with CH 2 C1 2 ( 2x ) ^ tne combined organic extracts were washed with 10% 
sodium thiosulfate solution, water and finally dried (Na 2 S04) to give 
4.403 g (87% yield) of the desired sugar. 

PMR (acetone-d 6 , 250 MHz) S: 1.12 (d, 3H, J-6.4Hz, GB3-6'), 1.99 and 
15 2.11 (2s, 2X3H, 2XOAC), 4.36 (d. Is, J*5.1Hz, H-2), 4.48 (q, 1H, 

J~6.6Hz, H-5), 4.98 (unresolved dd, IB, B-3), 5.18 (broad e,lH, H-4), 
5.59 (broad s, IB, H-l), 5.94 (d, IB, OB). 
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Step 2t (1'S,1R,38) and (1*S,18,3R> - 2, 5r»Pim eth oxy-l-(2' ,6 

dideoxy-3 • , 4 • -diacetoxy-2 • -iodo-L~lTxohexopTranose)-3- 
aettoitoehxoBan 

5 To a mixture of sugar from step 1 herein (910 mg, 2.539 mmol) and methyl 
ketone leochroman (500 mg, 2.116 amol) in dry GB 2 C1 2 under argon 
atmosphere and room temperature was added some • molecular sieve (4A). 
After stirring for 20 minutes DDQ (577 mg, 2.539 mmol) was added* 
After stirring for 72 hours, while additions of 0.5 equivalent of sugar 

10 and 0.5 equivalent of DDQ were done after 24 and 46 hours, the reaction 
was worked up by addition of 100 ml of NaB003 5% and water mixture 
(li3). Extractions with CH 2 C1 2 (3x100 ml) following by washing with the 
same aqueous mixture and drying (Na 2 S0 4 ). Flash chromatography of the 
crude (CB 2 Cl 2 sBexsBtOAci 9i4:l) gave 361 mg of the non-natural 

15 (1*S,1S,3R) glycoside and 435 mg of the natural (1'S,1R,3S) one. The 
arbitrarily assigned (1*S,1S,3R) titled compound had: 
PMR (acetone-d 6 , 250 KHz) 5: 1.27 (d,3H r J«6.5Bs, CH3-6'), 1.94 and 
2.16 (2s, 2X3H, 2XGAC), 2.30 < B,3H,COCH 3 ) , 2.50 (dd, IB, J-17.8H* and 
12.1Hz, CH a CH0), 2.95 (dd, 1H, J-17.8 and 4.3Bz, CE^CHO) , 3.80 and 

20 3.83 (28, 2X3H, 2XOGH 3 ), 5.52 (d, IB, J-5.0BZ, B-2'), 4.75 (m, 3H, B-3, 
B-3' and B-5*), 5.24 (broad s, IB, B-4'), 5.89 (s, IB, B-l'), 6.15 (s, 
IB, B-l), 6.90 (2d, 2B, Ar-B) . 
The second (1'£,1S,3R) titled compound had: 

PMR (acetone-d^, 250 MHz) 5: 1.16 (d, 3B, J-6.6HZ, CH 3 -6*), 1.97 and 
25 2.15 (2s, 2Z3H, 2XGAC), 2.30 (S, 3B, C0GB 3 ), 2.45 (dd, IB, J-.17.6Bz 
and 12.2Bz, GH a CB0) , 2.96 (dd, IB, J«17.6Bz and 4. IBs, CH^CHO) , 3.80 
and 3.82 (2s, 2Z3B, 2XOCB 3 ), 4.48 (d, IB, J-5.0BZ, B-2'), 4.54 (m, 2B, 
B-3, B-5'), 4.83 (unresolved dd, IB, B-3*), 5.20 (broad s, 1H, B-4 f ), 
5.86 (s, IB, B-l'), 6.03 (s, IB, B-l), 6.88 (2d, 2B, Ar-H) • 

30 

Step 3s ( 1 * S , 1R, 38 ) -5 , 8-Dimethoxy-3-aceto-l- ( 2 1 r 6 • -dideoxy-2 • -iodo- 

L-lyxohexopyranose ) -isochroman 

To mixture of the compound from step 2 herein (500 mg, 0.844 mmol) in 90 
35 ml of dry THP maintained at 0°C and under argon atmosphere were added 90 
ml of HaOB 0.5N. After stirring for 1 hour the reaction mixture was 
neutralised with 160 ml of NH 4 C1 sat.tNaBC0 3 sat. (4:1) and extracted 
with CH 2 C1 2 (3x200 ml). The combined organic layers were dried over 
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MgS0 4 . Flash chromatography (toluenes ethyl acetate; 8s 2) of the crude 
gave 248 mg (49% yield) of pure titled compound. 

PMR (acetone-d 6 , 250 MHz) 5: 1*26 (d, 3H, J«6.5Bz, CH 3 -6'), 2.29 (a, 3H, 
COCH 3 ), 2.44 (dd, IB, J*17.5Bz and 12.2Hz, CH a CHO) , " 2*93 (dd, IB, 
5 J«17.7Bz and 4.1Bz, CH^CHO) , 3.16 (d, 1H, J-6.0Bz, OB) , 3.49 (m, 1H, H- 
3 f ), 3.77 (m, 1H, B-4'), 3.79 and 3.84 (2Xe, 2X3B, OCH 3 ) r 4.09 <d, IB, 
J=7.4Bz, OB), 4.25 (q, IB, J-6.6BZ, B-5'), 4.37 (d, IB, J- 5.0Hz, B-2*), 
4.54 (dd, IB, J-12.2BZ, 4.1Bz, B-3), 5.84 (a, IB, B-l*)# 5.99 (a, IB, fi- 
ll, 6.88 (2Xd, 2XB, ArH) 

10 

Step 4t ( 1 ' 8 , 1ft , 38 ) -3-aceto- 1- ( 2 * , 4 • -dideoxy-2 1 -iodo-Ir- 

lyxohexopyranoae) -5 , 8-dioxo-5 , 8-dihydroiaochrnmin 

The titled compound was obtained following CAN oxidation of the product 

15 from atep 3 herein aa per previous procedure. 

PMR (CDC1 3 , 250 MHz) 5: 1.32 (d, 3H, J-6.6BZ, CB3-6'), 1.86 (large d, 
1H, OH), 2.33 (a, 3H, COCH3), 2.39 (dd, IB, J-19.9 and 11.9BZ, CB a -GBO), 
2.81 (large a, IB, OB), 2.90 (dd, IB, J«19.7Hz and 3.9Bz, CH e -CHO) , 3.32 
(large a, IB, B-3'), 3.78 (large unreaolved d, IB, B-4'), 4.17 (broad g, 

20 IB, J-5.0BZ, B-5'), 4.39 (m, 2B, B-3 andB-2*), 6.81 (a, IB, B-l'), 6.89 
(a, IB, B-l), 6.81 (22Cd, 2B, guinone ring-B). 
IR (film) V^i 3486, 3400, 2937, 1711, 1657, 1307, 968 cm" 1 . 

Step 5t (1«8,1R,38>- metbyl-(l-[2 • ,6 '-dideoxy-3 • ,4 • -dihydxoxy-2 

25 iodo-L-ly3cohezopyranoae}-5,10-diow>-3,4,5,10- 

tetra h yd r ona p h t ho [ 2 , 3-c ] -pyran-3-yl ) ketone (BGH-2015) 

Starting from 50 mg (0.105 mmol) of the compound from step 4 herein and 
1 ml of 1-acetojtybutadiene, the procedure deacribed in atep 2, example 
30 5, has been followed. After purification, 15.8 mg (29% yield) of pure 
titled compound was iaolated. 

PMR (CDCI3, 250 MBz) 6: 1.32 (d, 3B, J-6.7BZ, CB3-6'), 1.91 (large d, 
IB, J-ll.OBz, OB), 2.36 (a, 3fl, COGB3), 2.53 (dd, IB, J- 19.5Hz, 11.4BZ, 
QHaCBO), 2.81 (large d, IB, J- 10. 4Hz, OB), 3.08 (dd, IB, J-19.9Hz and 
35 4.1Hz, CHACHO), 3.34 (m, IB, B-3'), 3.80 (m, IB, B-4'), 4.17 (broad q, 
IB, 6.9Hz, B-5 V ), 4.45 (m, 2B, B-3 and B-4*), 5.98 (2Xs, 2X1B, B-l and 
B-1-), 7.78 and 8.11 (2Xm, 2X2B, ArH) . 

IR (film) V^: 3477 broad, 2928, 1722, 1670, 1298, 961, 732 cm*" 1 . 
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Step 61 (1'S,1R,3S)- 5,0-Dioxo-3-aceto-l-<2 • ,6 *-dideoxy-3' , 4«- 

dlaeetoxy-2 1 -iodo-L-lyxohexopy ranose ) -5 , 8-diJiydroisochroman 

CAN oxidation of the (1'S,1R,3S) diastereomeric product from step 2, 
5 example 61, yielded the titled compound. 

PMR (CDC1 3 , 250 MHz) St 1.21 (d, 3H, J-6.6HZ, CH3-6 1 ), 2.07 and 2.22 
(2b, 2X3 H, 2XOAC), 2.32 (e, 3H, COCH3), 2.41 (dd, 1H, J-24.1HZ, 11.8Hz, 
CH a CHO), 2.92 (dd, 1H, J-19.7HZ and 3.9Hz, CHeCBO) , 4.29 (q, 1H, J-6.5 
Hz, H-5'), 4.36 (d, 1H, J-S.lHz, H-2'), 4.41 (dd, 1H, J«11.2Hz and 
10 4.0Hz, H-3), 4.78 (dd, 1H, J- 4.0Hz, H-3'), 5.23 (broad a, 1H, H-4*), 

5.82 (1b, IB, H-l'), 5.87 (Is, 1H, H-l), 6.81 (2d, 2H, quinone ring-R) . 

Step 7s ( 1 * 8 , IE, 38 ) -methyl- ( 1- [ 2 * , 6 1 -dideoxy-3 • -4 1 -diacetoxy-2 1 - 

iodo-I«-lyxohexopyranosa ] -5 , 10-dioxo-3 ,4,5, 10- 
15 te^r«hydronaphtho f 2 , 3-c ] -py ran-3-y 1 ) ketone (BCH-1666) 

To a mixture of glycoside from etep 6 herein (55 mg, 0.098 mmol) in 1.5 
ml of dry toluene and under argon atmosphere, was added 1- 
acetoxybutadlono (66 mg, 0.587 mmol). After 18 hours of stirring the 
20 mixture was directly flash chromatographed ( toluene t ethyl acetate; 9:1) 
to give 17 mg of pure titled compound (28% yield) . 

PMR (CD 2 C1 2 « 250 MHz) S: 1.20 (d, 3H, J= 1.20Hz, CH3-6'), 2.13 and 2*44 
(2b, 2X3B, 2XOGS 3 ), 2.31 (e, 3H, COCH3), 2.62 (dd, 1H, J- 19. 5 Hz and 
11.5Hz, BQ^CSOO), 3.16 (dd, 1H, J«19.5Hz, 4.0Hz, HCH e CHC-0) , 4.45 
25 (broad q, IB, J-6.6JU, H-5 f ), 4.51 (d, 1H, J-5.0H*, B-2'), 4.62 . 

(unresolved dd, IB, J-11.7Hz and 4.0Bz, H-3), 4.88 (dd, 1H, J«4.0Hz, H- 
3'), 5.32 (broad s, IB, H-4'), 6.06 (s, 1H, H-l'), 6.16 (b, IB, H-l), 
7.71 and 0.22 (2Xm. 2Z2B, ArH) • 

IR (film) y mmM t 2991, 2935, 1746, 1668, 1238, 970, 730 cm" 1 . 

30 

Step 8t (l*B,18,3R)-5,8-Oioxo-3-aceto-l*(2',6 > -dideoxy-3* r 4 v - 

dlacetoxy-2 * -iodo-L-lyxohexopyranose) -5 , 8-dihydroisochroman 

CAN oxidation of the (1'S,1S,3R) glycoside from step 2, example 61, gave 
35 the titled compound. 

PMR (GDCI3, 250 MHz) S: 1.35 (d, 3H, J»6.6Hz, CH 3 -6'), 2.07 and 2.23 
(28, 2X3H, 2XOAc), 2.32 (8, 3H, OOCH3), 2.46 (dd, IB, J-20.3 Hz and 11.7 
Hz, CB a CHO), 2.90 (dd, 1H, J-19.7HZ and 4.1Hz, CH e CHO), 4.25 (d, 1H, 
J*5.2Hz, H-2 V ), 4.43 (dd, 1H, J«11.6Hz and 4.1Hz, H-3), 4.61 (q, 1H, 
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J«6.2Hz, H-5'), 4.75 <dd, 1H, J-3.6 Hz, H-3'), 5.26 (broad e, 1H, H- 
4*), 5.82 (e, 1H, H-l'), 5.97 (s, 1H, H-l), 6.81 (2d, 2H, quinone ring- 
H). 

IR (film) V mny : 2945, 1747 broad, 1663, 1237, 969 can" 1 . 

5 

Step 9i (l'B r 18 r 3*)-Mtbyl-(l-[2',6'-didaoxy-3',4'-di«c«toxy-2*- 
iodo-I/-lyxoh*xopyranos« ) -5 , 10-dioxo-3 ,4,5, 10- 
tatrahydronaphtho [ 2 , 3 -c ) -py raa-3-y 1 ) ketone (BCH-1667) 

10 Starting from 70 mg (0.118 mmol) of compound fro© step 8 herein and 
79.6 mg of 1-acetoxybutadiene and following the procedure described in 
step 2, example 5, we obtained after purification 25 mg (35% yield) of 
titled compound. 

PMR (GDCI3, 250 MHz) 8t 1.40 (d, 3H, J-6.4 Hz, CH 3 -6')r 2.05 and 2.24 
15 (2s, 2x3H, 2xOCH 3 ), 2.35 (s, 3H, COCH3), 2.57 (dd, 1H, J-20.0 and 

12.4Hz, HC^CHCO), 3.07 (dd, 1H, J-20.0HZ and 4.2Hz, HCHeGHC-O), 4.27 
(d, 1H, J-S.OHz, H-2'), 4.49 (dd, 1H, J-11.6, 4.2 Hz, H-3), 4.75 (m, 2H, 
H-3' and H-5'), 5.28 (large s, 1H, H-4'), 5.86 (s, 1H, H-l*)* 6.14 (s, 
1H, H-l), 7.77 and 8.11 (2m, 2X2H, ArH). 
20 IR (film) Vgj^: 2945, 1743 broad, 1668, 1236 broad, 958, 734 cm" 1 . 

Step lOt ( 1 * S , IS , 3R) -5 , 8-Di»ethoxy-3-acato-l- (2 • , 6 • -dideoxy-2 ' -iodo- 
Xi-lyxohexopyranose )-isochroman 

25 The titled compound was obtained via base hydrolysis of the (1*S,1S,1R) 
precursor from step 2 herein as per procedure from step 3 herein. 
PMR <acetone-d 6 , 250 MHz) 5s 1.35 (d, 3H, J-6.6HZ, CH3-6'), 2.30 (s, 
3H, COCH3), 2.50 (dd, 1H, J-17.6 and 11.5 Hz, CH ft CHO) , 2.94 (dd, 1H, 
J-17.9 and 4.3Hz, CH^CHO), 3.20 (d, 1H, OH), 4.44 (m, 1H, H-3'), 3.80 

30 (large s, 7H, 2XOCH 3 and H-4'), 4.12 (d, 1H, OH), 4.41 (d, 1H, J«5.0Hz, 
H-2'), 4.55 (q, 1H, J-6.4Hz> H-5'), 4.70 (dd, 1H, J«12.1 Hz and 4.5 Hz, 
H-3), 5.87 (IS, 1H, H-l'), 6.14 (Ifl, 1H, H-l), 6.88 (2d, 2H, ArH). 

Step Hi ( 1 • S , IS , 3R) -3-aceto-l- ( 2 ' , 6 • -dideoxy-2 1 -iodo-li- 
35 lyxohexopyranose ) -5 , 8-dioxo-5 , 8-dihydroiaochroman 

The titled compound was obtained following CAN oxidation of the product 
from step 10 herein as per previous procedure. 
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PMR (CDClj, 250 KHz) Si 1.45 <d, 3H r J-6.6HZ, 013*6'), 1*90 < broad a, 
1H, OH), 2.31 (a, 3H, COCH3), 2.43 (dd, 1H, J-20.1H* and 11.8 Hz, 
CH a CHO), 2.80 (m, la, OH), 2.88 (dd, 1H, J-19.8Hz and 4.1Hz, CI^CHO) , 
3.32 (m, 1H, H-3'), 3.84 <m, 1H, H-4«)# 4.24 (d, 1H, J-4.4Hz, H-2'), 
5 4.42 <dd, 1H, J-11.8HZ and 4.2Hz, H-3), 5.82 (a, 1H, H-l'), 5.95 (a, 
1H, H-l), 6.79 (2Xd, 2H, qui none ring-B). 

Step 12 1 (l*S r 18 # 3*)^thyl-(l-I2S6 f -d±daomT-3 , ,4»-dihydroxy-2 i - 
lodo-Xj-lyxohexopyranose ) -5 , lO-dioxo-3 ,4,5, 10- 
10 tetranydxonaphtfco [2,3-c]-pyran-3-yl)-ketane (BCfi-2014) 

A mixtura of compound from atap 11 harain (1 ml) and 1-acetoxy-butadiene 
(96 mg, 0.201 mmol) in 2 ml of dry toluane waa atirrad for 18 hours 
under argon atmosphere and then flash chromatographed (Toluene: Ethyl 

IS acetate; 8t2) to give .42 mg (40% yield) of pure titled compound. 

PMR (CDCI3, 250 MHz) S: 1.52 (d, 3H, GB3-6'), 2.36 (a, 3H, OOCH3), 2.58 
(dd, 1H, J«19.7Hz and 11.4Hz, BCB a GBC0), 2.78 (broad m, 1H, OH), 3.09 
(dd, IB, J-20.0H* and 4.2Hz, HCBeGBCO), 3.34 (m, 1H, H-3')* 3.89 (m, 1H, 
H-4*), 4.27 (d, IB, J«4.5Hz, B-2*), 4.49 (dd, 1H, J-11.7HX end 4.2Hz, H- 

20 3), 4.66 (broad q, 1H, J-6.4BZ, H-S'), 5.30 (a, 1H, B-l»), 5.89 (8, 1H, 
B-l), 7.53 and 8.13 (2m, 2X2 H, Ar-B) . 

IR (film) v^: 3434 broad, 2934 broad, 1720, 1669, 1292, 995, 955 cm" 1 . 
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n n mm r u «2 < Various C-2' axi*ly brominat*d pyranrlaaphthoquiaoM 

glycosides 

/• 



AcO 

H,CO 



2 

OCH, O OCH, O 



H,CO O + K,CO O 



_ - o o 



o o 0 0 




o o 

o o o o 



o o 

Ac0 OAcBr MO™ 6 * 
Step 1: 3 , 4-Di-0-acetyl-2-bromo-2 , 6-dideoxyf ucoae 



5 



Following the procedure described in step 1, example 61, we obtained 
after work-up 89% yield of a mixture of four compounds. Probably axial 
10 and equatorial bromo sugars and a and f) isomers of each. 

Step 2s (1*S,1K,3S) and < 1 • S , IS , 3R) -2 , 5-Di»ethoxy-l- ( 2 ' , 6 ' -dideoxy- 

3 • , 4 ' -diacetoxy-2 • -broeo-L-lyxohexopyrano»e)-3- 
aeetoisochroaan 

Following the procedure described in step 2, example 61, we obtained 
after purification (DichloromethanesHexane: Ethyl acetate; 12:7:1) 35% 
yield of a separable (1'S,1R,3S and 1 9 S,1S,3R) 1:1 mixture of titled 
diastereo isomer b * 
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(1'S,1S,3R): PMR (antone-d 6f 250 MHz) S: 1.27 (d, 3H, J-6.5HZ, CH 3 - 
6'), 1.94 and 2.11 (2Xe, 2X3H, 2X0Ac), 2.29 (8, 3H, COCH 3 ), 2.50 (dd, 
1H, J-17.7HX and 12.1HX, CH a CHO) , 2.96 (dd, IB, J-17.8 and 4.2Hz, 
CHeCBO), 3.80 and 3.84 (2X8, 2X3H, 2XOCH 3 ), 4.42 (d, 1H, J«4.2Hz, H- 
5 2'), 4.71 (dd, IB, J-12.2H* and 4.2 Hz, H-3), 4.81 (q, 1H, J«-6.4Hz, H- 
5'), 5.22 (m, 2H, H-3« and H-4') r 5.74 <b,1H, H-l')r 6." <s, 1H, H-l), 
6.90 (2Xd, 2H, Ar-H) • 

IR (film) \ mBX z 2937, 1748, I486, 1260 and 1237, 970 cm" 1 . 
(1*S,1R,3S): PMR (acetone, 250 MHz) 5: 1.16 (d, 3H, J«6.6Hz, 013-6*), 
10 1.97 and 2.10 (2Xe, 2X3H, 2XQAc) , 2.30 <e, 3H, OOCH 3) , 2.45 (dd, 1H, 

J-17.6HZ and 12.2Hz, CH a GHO), 2.97 (dd, 1H, J«17.6Hz and 4.0Hz, CH e CHO), 
3.80 and 3.82 (2Xb, 2X3H, 2XOCH 3 ), 4.38 (d, 1H, J«4.6Hz, H-2'), 4.53 (q, 

IH, J-6.4HZ, H-5'), 5.16 (broad s/lH, H-4'), 5.27 (dd, 1H, J*4.2Hz, H- 
3'), 5.71 (8, 1H, H-l'), 6.05 (B, 1H, H-l), 6.89 (2Xd, 2H, Ar-H). 

15 

Step 3: (l«B,lR,3S)-5,8-di*xo-l-<2',6'-di*eo^-3',4'«-^ 
bromo-Ii-lyxohexopy ranoae )-5, 8-dihydrolzocbroaan 

CAN oxidation of the compound from step 2 herein yielded the titled 
20 compound. 

PMR (CDCI3, 250 MHz) fit 1.19 (d, 3H, J-6.6HZ, 0*3-6*), 2.04 and 2.16 
(2X8, 2X3H, 2XOAC), 2.29 (a, 3H, COCH3), 2.38 (dd, 1H, J-19.9HZ and 

II. 6Hz, CH a CHO), 2.88 (dd, IB, J«19.8Hz and 3.9Hz, CHECBO) , 4.25 (m, 2H, 
H-2 1 and H-5'), 4.39 (dd, 1H, J«U.6Hz and 3.8Hz, H-3), 5.16 (broad b, 

25 1H, H-4'), 5.19 (dd, 1H, J»4.0Hz, H-3'), 5.71 (B, 1H, H-l'), 5.81 (8, 
IB, H-l), 6.79 (2Xd, 2H, Ar-H) . 

Step 4s (l t 8,lR,3B)-Mthyl-(l-[2^6'-dideoxy-3*,4'-diacetoxy-2'- 
bromo-Ii-lyxohexopyranoae] -5 , 10-dioxo-3 ,4,5, 10- 
30 tetrahydraaaphtho- [ 2 r 3-c ] -pyr*n-3-yl ) ketone (BCH-2100) 

The titled compound was obtained following the procedure described in 
step 2, example 5, from the compound from step 3 herein. HPLC 
purification gave 9% of deaired (1'S,1R,3S) natural titled glycoside. 
35 PMR (CDC1 3 , 250 MHz) 6: 1.23 (d, 3H, J«6.4Hz, CH 3 -6'), 2.06 and 2.19 
(2e,2X3H, 2XQAc), 2.35 (b, 3H, C0CH 3 ), 2.54 (dd, 1H, J«19.7Hz and 
11.7Hz, CH fl CHO), 3.09 (dd, 1H, J*19.6Hz and 4.0Hz, CHeCHO), 4.29 (m r 2H, 
H-2* and H-5'), 4.47 (dd, 1H, J«=11.7Hz and 4.0Hz, H-3), 5.18 (broad s, 
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1H, H-4'), 5*23 (unresolved dd, 1H, H-3'), 5,83 (a, 1H, H-l f )< 6.01 (s, 

IH, H-l), 7,77 and 8.11 (2m, 2X2H, Ar—H) • 

IR (film) Vnax: 2991 and 2943, 1748,1665, 1241, 975 cm*" 1 . 

5 Step St (l'8,lR,38)-5, 8-dioxo-3-aceto- 1- ( 2 ' , 6 • -dideoxy-3 • , 4 • - 

diacetoxy-2 ' -broa*»-Ii-lyxohexopyraiioee)-5 , 8-dihydroiaochroaan 

CAN oxidation of the (1'S,1R,3S) diaatereomer from step 2 herein yielded 
the titled product. 
10 IR (film) V,^: 2939, 1743, 1674, 1241, 968 cm" 1 . 

Step 6t (l•S,18,3R)-«ethyl-<l^[2 , ,6'•dideoxy-3',4•-diacetoxy-2 , - 
breejo-L-lyxohesopyrasese] -5 , 10-diexo-3 ,4,5, 10- 
tatrahydronaphtho- [ 2 , 3-c ) -py ran-3-y 1 ) ketone (BCH-2099) 

15 

The titled compound was obtained following the procedure described in 
step 2, example 5, from the guinone from step 5 herein. Flash 
chromatography ( Toluene iSthyl acetate; 9:1) gave 30% of desired titled 
compound. 

20 PMR (GDC1 3 , 250 MHz) 8s 1.41 (d, 3H, J-6.4HZ, 083-6*), 2.05 and 2.21 
(2s, 2X3H, 2XOAc), 2.34 <s, 3H, COGH3), 2.58 (dd, 1H, J«20.1Hz and 

II. 6Hz, CH a CHO), 3.08 (dd, 1H, J«20.0Hz and 4.2Hz, CH e CHO) , 4.16 (d, 1H, 
J-4.SHZ, H-2*), 4.48 (dd, 1H, J«11.6Hz and 4.1Hz, H-3), 4.76 (q, 1H, 
J-5.9HZ, H-5 f ), 5.20 (unresolved dd, 1H, H-3 f )» 5.25 (broad s, 1H, H- 

25 4'), 5.72 (Is, 1H, H-l'), 6.17 (Is, 1H, H-l), 7.78 and 8.12 (2m, 2X2H, 
Ar—H) • 

IR (film) V^j 2937, 1750, 1672, 1243, 964 cm -1 . 

C-2'-axialy iodinated daunoaamiayl 
pyranylnaphthoquiAona glycosides 



Example 63 t 

30 
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^nhcocf, rSn^, 

COCF, H,CO 

r 

OCH, O OCH, O OCH, O OCH, O 

H,CO 6 4 H,CO 6 + H,CO O t H,CO O 



«,c«/ wpsj *cpsj nrrpzf 

**5i Jfi? 



o o 



o 6 o o 

COCF, \5 8/ COCF, 



o 6 o o 

COCF, COCF, 



BCH-M23 



8tep li 2 • , 3 1 , 6 ' -trideoxy-2 1 -iodo-3 ■ -trlf luoroacetaaido-4 • -6-acetyl- 
Irly i o ht i o pyranoM 

5 

Following the procedure described in step 1, example 61, we obtained 
after work-up 94% yield of a non-separable a-p mixture (2:1) of titled 
halogenated sugar. 

PMR (acetone-d 6 , 250 MHz) 5: 1.08 (d, 3H, J«6.6Hx, CH 3 -6), 2.13 (s, 3H, 
10 OAc-4), 4.47 (m f 1H, H-3), 4.53 (d, 1H, J-4.3HZ, H-2), 4.56 (broad q, 
1H, J=5.2Hz, H-5), 5.17 (broad e, 1H, H-4), 5.65 (d, 1H, J«3.8Hz, H-l), 
6.04 (d, 1H, J«3.8Hz, OH). 

8tep 2: (1'8,1R,3S) and (l'8,18,3R)-2r5-Dis»t&oxy-3-aceto-l- 

15 ( 2 • , 3 • , 6 • -trideoxy-2 * -iodo-3 ' -trifluoroacetamido-4 * -o- 

acetyl-If-lyxohexopyranose ) -isochroaan 
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Following the same procedure ee described in step 2, example 61, we 
obtained after purification (Toluenes Ethyl acetate; 9:1) 38% yield of a 
separable (1*S,1R,3S and 1'S,1S,3R) mixture of titled diastereoisomers 

5 (1:1). 

The natural (1'S,1R,3S) glycoside: PMR (acetone-d 6 , 250 MHz) 8: 1.16 
(d, 3H, J»6.6Bz, CH 3 -6'), 2.15 (8, 3H, AcO-4'), 2.30 (8, 3B, COCH 3 ), 
2.41 (unresolved dd, 1H, CH a CHCO), 2.97 (dd, 1H, J«17.7Hz and 3.89Hz, 
CH e CH0), 3.80 and 3.84 (2xs, 2x3H, 2xOGH 3 ), 4.36 (m, 1H, H-3'), 4.63 (m, 

10 3H, H-3, B-2« and H-5'), 5.19 (broad s, IB, B-4')* 5.90 (s, 1H, H-l'), 
6.06 (b, IB, B-l), 6.87 (2xd, 2H, Ar-H), 7.95 (broad e, 1H, HHC0CF 3 ). 
The non-natural glycoside (1'S,1S,3R): PMR (acetone-d 6 , 250 MHz) 5: 
1.23 (s, 3H, J-6.5HZ, 053-6*), 2.16 (a, 3H, AcO-4'), 2.30 (e, 3H, 
COCH 3) , 2.51 (dd, 1H, J-18.2HZ and 12.0Hz, CH a CH0), 2.97 (dd, IB, 

15 J=17.8Bz and 4.3Hz, C^CHO) , 3.80 and 3.83 (2Xs, 2X3H, 2XOCH 3 ), 4.30 (m, 
IB, H-3'), 4.69 (d, 1H, J«4.72Hz, H-2 • ) f 4.74 (dd, IB, J« 12.1Hz and 
4.3Hz, H-3), 4.88 (q, 1H, J-S.OHz, H-5'), 5.24 (broad s, 1H, H-4'), 5.92 
(8, 1H, H-l'), 6.18 (s, IB, H-l), 6.90 (2Xd, 2X1B, Ar-H), 7.95 (broad s, 
1H, NHCOCF3) . 

20 

Step 3: (l - B # lR,38)-5, 8-Di»ethoxy-3-aceto- 1- ( 2 • , 3 • , 6 # -trideoxy-3 • - 

trif luoroacetamido-2 • -iodo-Xf-lyxohexopyraaose)-isochroaan 



Base hydrolysis of the compound from step 2 herein as per procedure from 
25 step 3, example 61, yielded the titled compound. PMR (acetone-dg, 250 
MHz) hi 1.28 (d, 3B, J-6.6HZ, GB3-6'), 2.30 (S, 3B, COGB3), 2.45 (dd, 
IB, J-17.6Bz and 12.2Bz, CH a CB0), 2.95 (dd, IB, J«17.6Hz and 4.0Bz, 
CHeCBO), 3.79 and 3.84 (2s, 2X3B, 2XOGB 3 ), 4.03 (m, 2B, H-4* and OB-4'), 
4.44 (broad q, 1H, J- 6. 4Hz, H-5 1 ), 4.58 (m, 2B, H-3 and H-2*), 5.89 (s, 
30 1H, H-l'), 6.04 (e, IB, H-l), 6.89 (2d, 2XB, Ar-H), 7.65 (broad s, IB, 
NHCOCP3). 

XR (film) \ mBX t 3539 and 3414, 2941 and 2844, 1728, 1488, 1260, 1175, 
970 cm" 1 . 

35 Step 4: (1 •8,l&,3S)-3-acsto-l-(2 • ,3* ,6 4 ~trideoxy -2*-iodo-3 # - 

trif luoroacetamido-I^lyxobexopy rano«e ) -5 , 8-dioxo-5 , 8- 
diJiydroisochroaan 
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CAN oxidation of the product from step 3 herein yielded the titled 
product • 

PMR (CDC1 3 , 250 MHz) 61 1.32 (d, 3H r J-6.6HZ, CH 3 -6 f )# 2.06 (broad d, 
1H, OH-4')# 2.32 <b, 3H, COCH3), 2.41 (dd, 1H, J«20.4Hz and 11.7Hz, 
5 CH a CHO), 2.93 (dd, 1H, J-19.6 and 3.9Hz, CH e CH0) , 3.75 (broad d, 1H, H- 
4'), 3.96 (m, 1H, H-3'), 4.28 (g, 1H, J-6.7HZ, H-5'), 4.42 <m, 2H, H-3 
and H-2'), 5.82 (B, 1H, H-l'), 5.90 (s, 1H, H-l), 6.82 (2xd, 2H, Ar-H), 
7.06 (broad d, 1H, NHOOCP3). 

IR (film) V^: 3541 and 3417, 2992 and 2944, 1729, 1664, 1174, 967 cm" 

10 1. 

Step 5i (l'8,ia,3S)-^thyl-<l-[2 , ,3%6 l -trideoxy-2*-iodo-3 , « 

trif luoroacetamldo-4 1 -hydroxy-L-lyxohexopy r ano«e ] -5 , 10- 
dioxo-3 ,4,5, 10-tetrahydronaphtho- [ 2 , 3-c ) -pyran-3-yl ) ketone 
15 (K8-2023) 

The titled compound was obtained aa per procedure described in step 2, 
example 5, but using the product from step 4 herein. Purification was 
effected by flash chromatography (Toluene: Ethyl acetate; 8*2). 

20 PMR (CDCI3, 250 MHz) St 1.34 (d, 3H, J-6.6Hz, GH 3 -6'), 2.35 (s, 3H, 
COCH3), 2.53 (dd, 1H, J»19.6Bz and 11.5Hz, CH a CHO) , 3.11 (dd, IB, 
J-19.6H* and 4.1Bs, CH e CHO) , 3.76 (broad s, 1H, H-4 f ), 3.97 (m, 1H, H- 
3"), 4.30 (q, 18, J-6.6Hz, H-5 # ), 4.49 (dd+d, 2H, H-3 and H-2 f ), 6.00 
(Is, 2B, B-l and H-l'), 7.01 (broad d, 1H, HHCOCP3) , 7.78 and 8.13 (2Xm, 

25 2X2B, Ar-«). 

ZR (film) V— t 1829 and 3414, 2991 and 2930, 1727, 1666, 1298, 1177, 
963 cm" 1 . 

Step 61 ( X • S , IS , 3R) -5 , 8-di»ethoxy-3-aceto-l- ( 2 ° , 3 ' , 6 ' -trideoxy-3 ' - 

30 trif luoroacatamido-2 ' -iodo-L-lyxohexopyranose) isochroman 

To a mixture of (1'S,1S,3R) glycoside from step 2 herein (103 mg, 0.16 
mmol) in 15 ml of anhydrous methanol was added, at 0°C and under argon 
atmosphere, 2 drops of NaOCH 3 , 4.37M (cat.). After stirring for 45 
35 minutes, the reaction was worked up by adding 10 ml of a mixture NH4CI 
sat.:NaHC0 3 sat. (8:3) and extracted with CB 2 C1 2 (2x30 ml). The 
combined organic layers were washed with the same aqueous mixture (30 
ml) and dried (KgSC^). Flash chromatography (Toluene: Ethyl acetate; 
9:1) gave 70 mg of pure titled glycoside (73% yield). 

205 

SUBSTITUTE SHEET 



WO 94/11382 



PCT/CA93/00463 



PMR (acetone-d 6 , 250 MHz) &: 1-38 (d, 3B, J-6.5Hz, CH 3 -6*), 2.30 (B, 3H, 
C0CH 3 ), 2.50 (dd, 1H, J-17.7HX and 12.0Hz, CH a CHD) , 2.97 (dd, J-17.8HZ 
and 4.3Hz, CHACHO), 3.80 and 3.81 (2Xb, 2X3H, 2XOGH 3 ), 4.00 (m, 3H, H- 
3», H-4' and OH-4'), 4.62 (d, lH r J-4.8HZ, H-2'), 4.74 (m, 2H, H-3 and 
5 H-5*), 5.92 (Is, 1H, H-l'), 6.18 (1b, 1H, H-l), 6.88 (2Xd, 2H, Ar-H) , 
7.65 (broad B, 1H, NHCOCF3). 

IR (film) V^s 3530, 3410, 2942 and 2837, 1723 broad, 1491, 1263, 1175, 
958 cm* 1 . 

10 Step 7 1 ( 1 • 8 , 18 , 3R) -3-aceto-l- ( 2 • , 3 ' , 6 • -trideoxy-2 • -iodo-3 • - 

triflttoroaceta*ido-I*-lyxohexopyranoae )-5, 8-dioxo-5 , 8- 
dihydroiaochroaan 

CAN oxidation of the product f rom step 6 herein yielded the titled 
15 product. 

PMR (CDCI3, 250 MHz) 6: 1.47 (d, 3H, J«6.61Hz, €83-6*), 2.22 (broad d, 
1H, OH-4'), 2.32 (la, 3H, COCH3), 2.46 (dd P 1H, J-19.6H* and 11.7Hz, 
CH a CHO), 2.92 (dd, 1H, J-19.9HZ and 4.2Hz), 3.78 (broad d, 1H, H-4*), 
3.91 (m, 1H, H-3'), 4.37 (d, 1H, J-4.8HZ, H-2*), 4.43 (dd, 1H, J-11.7HZ 
20 and 4.1Hz, H-3), 4.64 (q, 1H, J»6.3Hz, H-5*), 5.84 ( B, 1H, H-l'), 5.97 
(b, 1H, H-l), 6.82 (2xd, 2H, Ar-H) r 7.06 (broad d, 1H, HHOOCF3). 
IR (film) V^x 3531 and 3406, 2929, 1726, 1663, 1181 broad, 960 cm" 1 * 

Step 81 (l'8,lS,3R)-Mthyl-(l-r2S3^6'^riAaoaT-2 , -i^Mio-3 t - 
25 triflttoroacatamido-4 • -hydroxy-L-lyxohaxopyrano»a ]-5,10- 

dioxo-3 ,4,5, lO-tetrahydronaphtho- [ 2 , 3-c 1 -py ran-3-y 1 ) ketone 
(BCH-2022) 

The titled compound waa obtained as per procedure described in atep 2, 
30 example 5, but uaing the product from step 7 herein. Purification by 
flash chromatography (Toluene: Ethyl acetate; 9:1). 

PMR (GDCI3, 250 MHz) 8: 1.51 (d, 3H, J*6.5Hz, CH 3 -6'), 2.11 (broad d, 
1H, OH-4 f )r 2.34 (s, 3H, COCH3), 2.58 (dd, 1H, J*19.4Hz and 11.6Hz, 
CH a CHO), 3.10 (dd, 1H, J«19.8Hz and 4.1Hz, CH e CHO) , 3.82 (broad d, 1H, 
35 H-4'), 3.92 (dd, 1H, J«11.6Hz and 4.1Hz, H-3), 4.79 (q, 1H, J-6.5HZ, H- 
5'), 5.88 (8, 1H, H-l * ) f 6.14 (8, 1H, H-l), 7.07 (broad d, 1H, HHCOCF 3 ) 
7.78 and 8.11 (2Xm, 2X2H, Ar-H) • 

IR (film) V,^: 3539 and 3414, 2946, 1731, 1666, 1293, 1174, 961 cm- 1 . 
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1' 




BCH-SM5 



5 Stop Is 2 * , 6 ' -didaoxy-3 • , 4 1 -di*c«toxy-2 • -iodo-l^arabinohajcopyranose 

Following the procedure described in step 1, example 61, we obtained 
after work-up a quantitative yield of the desired compound which was 
used in the next step without purification: 
10 PMR <B«nzene-d 6 , 250 KHz) 5s 1.17 (d, 3H, J-6.2HZ, CH3-6), 4-04 <m, 1H, 
H-5), 4.48 <d, 1H, J-4.2Hz, H-2), 4.84 <dd, 1H, J«9.5Hz and 4.2Hz, H-3), 
5.01 (large s, 1H, H-l), 5.51 (dd, 1H, J-9.7HZ, H-4). 

Step 2t <1'S,1S,3R) and < 1 ' S , 1R, 3S ) -5 , 8-Di»ethoxT-3-ac«to-l- < 2 ■ , 6 • - 

15 dideoxr-3 • , 4 • -diacetoxy-2 • -todo-li-arabinohexopyranoso) 

isochxoatan 
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Following the same procedure as described in step 2, example 61, we 
obtained after flash chromatography (Toluene: Ethyl acetate; 9:1) a 
mixture of the titled stereoisomers (non-separable), 

PMR (Benzene-d 6 , 250 MHz) 5: 1.20 and 1.38 (2d, 2X3H, 2XCH 3 -6')r 1*61, 
5 1.66, 1.67 and 1.69 (4s, 4X3H, 4XGAc), 1.95 and 2.12 (2s, 2X3H, 2XOCH 3 ), 
2.76 <m, 2XH, 2XCH a CH0), 3.20 (in, 2H, 2XCHeCH0) , 2.30, 2.31 and 2.32 
(3s, 4X3H, 4XOCH 3 ), 4.18 (m, 1H, H-5'), 4.35 and 4.47 (2Xdd, 2H, 
J=12.0Hz and 4.2Hz, 2XH-3), 4.82 (m, 5H, 2XH-3 ' , 2XH-2'; and H-5'), 5.62 
and 5.70 (2Xdd, 2H, J-9.5HZ, 2XH-4'), 5.84 and 5.93 (2 large s, 2H, 2XH- 
10 1'), 5.95 (s, 1H, H-l), 6.33 (m, 5H, 2X2 Ar-H and H-l). 

Step 3s (1'8,1R,38) and (l < S,18,3R)-3-aceto-l-(2 • , 6 • -dideoxy-2 • - 

iede-Z^arabinohexopyraaose)-5 , 8-dioxo-5 , 8-dihydroisochroman 

15 The titled compounds were obtained following CAN oxidation of the 
products from step 2 herein as per previous procedures. 
PMR (CDC1 3 , 250 MHz) 5: 1.23 and 1.36 (2d, 2X3H, J-6.2HZ, 2XCH 3 -6'), 
2.03, 2.04, 2.06 and 2.07 (4s, 4X3H, 4X0Ac), 2.29 and 2.30 (2S, 2X3H, 
2XC0CH 3 ), 2.46 (m, 2B, 2XCB a CB0) , 2.90 (dd, 2H, J-19.7Hz and 3.8Hz, 

20 IXCE^CBD), 4.02 (m, 1H, H-5*), 4.49 (m, 7B, 2XH-2 • , 2XH-3 ■ , 2XH-3 and H- 
5'), 5.15 (m, 2B, 2XH-4'), 5.62 and 5.68 (2S, 2H, 2XH-1*), 5.79 and 5.95 
(2s, 2B, 2XH-1), 6.75 (2X2d, 4H, 4XAT-H). 



Step 4t (l'S,Xft,18) and (l*S,18,3R)-»ethyl-(l-[2 * , 6 * -dideoxy-3 * ,4'- 

25 dlaoetoxy-2 * -iodo-U-arabino-hexopy ranoae ) ~5 , 10-dioxo- 

3,4,8, lO^etrahydronaphtho- ( 2 , 3-c } -pyran-3-y 1 ) ketone (BCH- 
204S) 



Following the reported procedure in step 2, example 5, and starting 
30 from the two stereoisomers from step 3 herein, titled compounds (9%) 

were isolated after flash chromatography (Toluene: Ethyl acetate; 19:1). 

PMR (GDC1 3 , 250 MHz) 6: 1.41 (d, 3H, J«6.2Hz, CH 3 -6»), 2.06 and 2.08 

(2b, 2X3H, 2XOAC), 2.33 (8, 3H, COCH 3 ), 2.57 (dd, 1H, J-19.5HZ and 

11.7Hz, CH a CHO), 3.09 (dd, 1H, J«19.8Hz and 4.2Hz, CH^CHO) , 4.46 (m, 4H, 
35 H-3, H-2', H-3' and H-5'), 5.21 (dd, 1H, J-9.5HZ, H-4'), 5.67 (s, 1H, H- 

1'), 6.14 (8, 1H, H-l), 7.78 and 8.13 (2m, 2X2H, Ar-H). 

IR (film) V^: 2941, 1750 and 1739, 1665, 1298, 1236 large, 971 cm" 1 . 

Example 65: c-2* deoxyfueose pyranylnaphthoquinone glycosides 
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OCH, O j OCH, O 

AcO ii.ro H.CO o 1 +1.V 




8tep It (1*S,1S,3R) and <1»S, lR,3S)-5,e-di»ethoxy-3-acet©-l-<2 • ,6 

5 dideoxy-3 ' , 4 ' -diacetoxy-L-lyxohexopy ranose ) isochroman 

The procedure described in step 2, example 61, was applied to 5,8- 
dimethoxy-3-acetoisochroman and 3 , 4-diacetoxy-2 , 6-dideoxy fucose. Flash 
chromatography (dichloromethanetHexanet Ethyl. acetate; 6x3 si) gave a 50% 

10 yield of the two non-separable titled stereoisomers mixture (1:1)* 

PMR <acetone-d 6 , 250 MHz) 5: 1.11 and 1.20 (2d, 2X3H, J«6.6Hz, CH3-6'), 
1.87, 1.88, 2.10 and 2.10 <4e, 4X3H, 4xGAc), 2.28 and 2.29 (2b, 2X3H, 
2XCOCH 3 ), 2.45 (m, 2X3H, 2XCH a CHO) , 2.94 (m r 2H, 2X0^010), 3.79, 3.81 
and 3.83 (3s, 4X3H, 4X0CH 3 ), 4.34 (q, 1H, J«6.53Hz, H-5')* 4.62 (m, 3H, 

15 2XH-3 and H-5 f ), 5.14 (m, 4H, 2xH-3' and 2XH-4'), 5.54 and 5.61 (2 

broad e, 2H, 2XH-1')* 5.97 and 6.16 (2s, 2H,H-1), 6.88 (m, 2X2H, 2XAr- 
H). 

Step 2t (1'8,1S,3R) and (l'S, lR,3S)-5 r 8-dimethoxy-3-aceto-l-(2 • ,6 

20 dideoxy-L-lyxohexopyranoss) isoch r cms n 
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The same procedure described in step 3, example 61, was applied to the 
products from step 1 herein. Flash chromatography of the crude 
(Toluene i Ethyl acetate; 6s 4) gave 39% yield of non-separable titled 
diastereoisomers (1x1). 
5 PMR <acetone-d 6 , 250 MHz) 6: 1.16 and 1.25 (2d, 2X3B, J«6.6Bz, 2XCB 3 - 
6'), 1.80 (m, 4H, 4XH-2'), 2.24 (s r 2X3 H, 2XCOCH 3 ), 2.45 (unresolved dd, 
2H, CH a CB0), 2.87 (dd, 2B, CH^CHO) , 3.37 (s, IB, B-3'), 3.56 (m, 3B, H- 
3' and 2XB-4'), 3.75 (s, 3X3H, 3xOCH 3 ), 3.77 (s, 3B, OCB 3 ), 4.00 and 
4.34 (2d, 2H, J-6.6BZ, 2XH-5'), 4.54 (2 unresolved dd, 2H, B-3), 5.35 
10 and 5.41 ( 2 broad s, 2H, 2XB-1'), 5.89 and 6.10 (2s, 2B, 2XH-1), 6.83 
(2X2d, 4H, Ar-H). 

8tep 3s (1»8,1S,3R) and (1'S, lR,3S)-5,8-dioxo-3-aceto-l-(2 • ,6 

dideoxy-L-lyxohexopyranose )-5, 8-dihydroisochroman 

15 

The titled products were obtained following CAN oxidation of the 
products from step 2 herein. 

PMR (GDC1 3 , 250 MHz) 6s 1.29 and 1.42 (2d, 2X2 H, J-6.6H2, 2XCB 3 -6'), 
1.70 (m, 4H, 4X0B), 1.89 (m, 4H, 4XB-2'), 2.30 and 2.31 (2s, 2X3H, 
20 2XCOCH3), 2.43 (2 overlapping dd, 2H, 2XGB a GHO), 2.89 (2 overlapping dd, 
2H, 2XCH e CHO>, 3.65 and 3.70 (2 broad s, 2H, 2XB-4'), 3.90 (m, 2H, 2XH- 
3'), 3.99 (unresolved q, 1H, H-5 V ), 4.36 (q, IB, J-6.8BZ, H-5'), 4.43 (2 
overlapping, 2H, 2XB-3), 5.41 and 5.49 (2 broad s, 2B, 2XH-1'), 5.81 
and 5.98 (2s, 2B, 2xH-l), 6.79 (2X2d, 4B, Ar-B). 

25 

Step 4s (1*S,1S,3R) and <1'S, l*,38)-»ethyl-(l-[dideoxy-2 ' ,6'- 

dibydroxy-3 * , 4 1 -If-lyxohexopyranose) -5 , 10-dioxo-3 ,4,5, 10- 
tetrahydronaphtho- [ 2 , 3-c J -pyran-3-yl ) ketone (BCH-2117) 

30 The titled compounds were obtained in 43% yield by following the 

procedure described in step 2 , example 5 , and using the products from 
step 3 herein. Flash chromatography (Toluene: Ethyl acetate; 4s 6) and 
final purification by preparative TLC (same solvent conditions) was 
required. 

35 PMR (DMSO-d 6 , 250 MHz) 5s 1.10 and 1.23 (2d, 2X3H, J«6.3Hz, 2XGH 3 -6 a ), 
1.54 and 1.87 (2m, 2X2H, 2X2B-2')» 2.25 (s, 6H, 2XOOCH 3 ), 2.46 (m, 2H, 
2XGH a GBO), 2.86 (2 overlapping dd, 2H, CH e CHO) , 3.73 (m, 2H, 2XH-3'), 
3.89 (q, 1H, J«6.5Bz, B-5'), 4.28 (q, IB, J*6.3Hz, B-5 • ) , 4.38 (broad s, 
IB, B-4'), 4.52 (2X unresolved dd, 2B, 2XH-3), 4.54 (broad s p IB, B-4') r 
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5.11 (m, 2H, 2XOH), 5.31 and 5.38 (2 broad s, 2H, 2XH-1'), 5.49 (m, 2H, 
2XOH), 5.86 and 5.94 (2b, 2H, 2XH-1), 8.32 and 9.58 (2m, 8H, Ar-H) . 

Step 5s (1*8,18,38) and (1 '8, lR,3S)-5,8-dioxo-3-aceto-l-(2 * ,6 

5 didaoxy-3 ' , 4 ' -diacatoxy-L-lyxohexopyranose ) isocbroman 

The titled compounds were obtained following CAN oxidation of the 
products obtained from step 1 herein. 

PMR (CDCL3, 250 MHz) St 1.10 and 1.22 (2d, 2X3 H, J-6.5HZ, 2XCH 3 -6*>, 
10 1.93 (large m, 2X2H, 2X2H-2'), 1.92, 1.96, 2.11 and 2.12 (4s, 4X3H, 
4XOAc), 2.23 and 2.25 (2b, 2X3B, 2XOOCH 3 ), 2.39 (2 overlapping dd, 2H, 
2XCH a CHO), 2.80 (2 overlapping dd, 2H, 2X0^080), 4.10 (g, 1H, J*6.5Hz, 
H-5 f ), 4.40 (m, 3H, 2XH-3 and H-5'), 5.10 (m, 4H, 2XH-3', and 2XH-4 9 ), 
5.44 and 5.50 (2 broad b, 2H, 2XH-1'), 5.76 and 5.94 (2b, 2H, 2XH-1), 
15 6.57 (2X2d, 4H, Ar-H) • 

Step 6s (l'S,18,3R) and (l a 8,lR,38)-Mtayl-(l-[dJ4eoxy-2 • ,6 

dlacetoxy-3 • , 4 • -Xf-lyxohexopyranose] -5 , 10-dioxo-3 ,4,5, 10- 
tetrahydronaphtho- [ 2 f 3-c ] -pyran-3-y 1 ) ketone (BCH-2118) 

20 

The titled compounds were obtained in 51% yield by following the 
procedure described in step 2, example 5, and using the product e from 
step 5 herein. Aromatization by flash chromatography (Toluene: Ethyl 
acetate; 8:2). Pinal purification by preparative TLC (same solvent 
25 conditions). 

PMR (CDC1 3 , 250 MHz) 6: 1.17 and 1.33 (2d, 2X3H, J«6.6Hz, 2XCH 3 -6'), 
1.88 (m, 2H, 2XB-2')# 1.96 <»» 2X3H, 2X0Ac), 2.16 (large m, 2H, 2XH-2'), 
2.18 and 2.19 (2b, 2X3H, 2XQAc), 2.32 and 2.34 (2s, 2X3H, 2XCOCH 3 ), 2.54 
(2X overlapping dd, 2H, 2XCHaCHO), 3.07 (2X overlapping dd, 2H, 
30 2XGH e GBO), 4.17 (q, 1H, J»6.7Hz, H-5'), 4.51 (2X aoverlapping dd, 2H, 2X 
H-3), 4.63 (q, 1H, J«6.4Hz, H-5'), 5.19 (m, 4H, 2XH-3"; and 2XH-4'), 
5.55 and 5.67 (2 broad s, 2H, 2XH-1'), 6.00 and 6.18 (2b, 2H, 2XH-1), 
7.76 and 8.10 (2m, 8H, Ar-H). 
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5 Step Is Methyl-(6-h ydr o jcy -5, 10-dioxo-3, 4,5, 10-totrahydronaphtho- 

[ 2 , 3-c ] -pyren-3-yl ) ketone and methyl- (9-hydroxy-5 , 10-dioxo- 
3 , 4 , 5 r 10-totrahydroMphtho- [ 2 , 3-c } -pyraa-3-y 1 ) ketone 
(BGB-2062) 



10 The titled compound* were obtained by following the procedure described 
in step 2 herein end using 1-acetoxybutadiene and 3-acetoi«ochroman-5 , 8- 
dione. 

PMR <CDCl 3 , 250 MHz) 6s 2.33 (2b, 2X3H, COCF3), 2.56 (m, 2H, CH a CHO) , 
3.00 (m r 2H, C^CHO), 4.07 <dd, 2H, J-lO.lHz and 3.9Hz, B-3), 4.60 (m, 
15 2H, H-l), 4.95 <m, 2H r H-l), 7.26 (m, 2H, Ar-H) , 7.62 <m, 2X2H, Ar-H ) , 
11.84 and 11.96 (2s, 2H, OH-5 and OH-8). 

Step 2s (l'S,18,3R)-*ethyl-<6 and 9 -hydroxy- 1- (2 • , 3 * , 6 • -trideoxy-3 * - 

trif luoroacet mmi do~4 * *0*p-nitroben«oyl-"l«-lyxohexopyranose)- 
20 5, 10~dioxo~3 ,4,5, 10-tetrahydro-lH-naphtho- [2, 3-c ) -pyran-3- 

yl) ketone 

212 



SUBSTITUTE SHEET 



WO 94/11382 



PCT/CA93/00463 



To a mixture of (1*S,1S,3R) glycoside from step 1, example 5, (200 mg, 
0.335 mmol) in dry toluene (2.5 ml) under argon atmosphere, was added 
dropwise the l-trimethylsilyloxy-l,3~butadiene. After stirring for 18 
5 hour a at room temperature, the solvent was removed in vacuo. The 

residue was dried over vacuum for 10 minutes, dissolved in 5 ml of THF 
and cooled to 0C. Addition of HC1 IN (5 ml) gave after 30 minutes 
stirring a complete cleavage of the silyl group* Extractions were done 
with CH 2 Cl2 (3x30 ml) and the combined organic layers were dried with 

10 Na 2 S0 4 and then evaporated. The residue was dissolved with 10 ml of 
dry CH 2 Cl2, at room temperature and under argon, and treated with 200 mg 
of PCC. After 30 minutes stirring, the reaction mixture was dropped on 
Si02 and flash chromatographed (Toluene: Ethyl acetate; 8:2) to give 162 
mg (72% yield) of a non-separable titled regioisomers (1:1). 

15 PKR (CDC1 3 , 250 MHz) 6: 1*36 and 1.37 (2d, 2X3H, J-6.4HZ, CH3-6'), 2.14 
(2X m, 2Z2B, 8-2'), 2.34 and 2.35 (2s, 2Z3H, COCH3), 2.57 (dd, 2Z1B, 
J«20.1Hx and 11.8IU, CH a CHO), 3.09 (dd, 2Z1H, J-19.9Hz and 4. IBs, 
CHeCBO), 4.53 (2X unresolved dd, 2X1H, B-3), 4.61 (2zm, 2X1H, H-3'), 
4.77 (2Z unresolved q, 2X1H, H-5 f ), 5.45 (broad s, 2X1H, B-4'), 5.63 

20 (broad s, 2XB, H-l'), 6.19 and 6.21 (2s, 2H, H-l), 6.46 (broad s, 2R, 
NHOOCF3) , 7.32 (a, 2B, Ar-B) , 7.67 (m, 2Z2B, Ar-B), 8.32 (m, 2X2H, Ar- 
B), 11.89 and 11.90 (2s, 2B, OH- 5 and GH-8). 

Step 3t (l*S,lS,3R)-*«thTl-(6 and 9-hydroxy-l-[2 * ,3' , 6 ' -trideoxy-3 

25 trlf leoroacet ami do-4 1 -hydroxy-li-lyxohexopyranoss J -5 , 10- 

dioiBO-3 ,4,5, 10-tetrahydronaphtho- [ 2 , 3-c ] -prran-3-yl-ketons 
(KB-2078) 

Hydrolysis of the glycosides from step 2 herein with catalytic sodium 
30 methoxlde in methanol yielded the titled compounds . Flash 

chromatography (Toluene: Ethyl acetate: acetone; 6:4:2) of the crude gave 
83% yield of pure titled regioisomers mixture (1:1). 

PHR (CDCI3, 250 MHz) S: 1.40 and 1.42 (2Xd, 2X3H, J«6.4Hz, CH3-6'), 1.91 
(m, 2X2H, B-2')* 2.31 and 2.32 (2Xs, 2X3B, COCH3), 2.56 (dd, 2X1B, 
35 J-19.7BZ and 11.4BZ, CH a CB0), 3.08 (dd, 2H, J«19.9Hz and 4.2Hz, CB e CB0) , 
3.67 (broad d, 2H, H-4«), 4.33 (m, 2H, H-3'), 4.53 (m, 4H, H-3 and H- 
5'), 5.44 and 5.45 (2s, 2B, H-l'), 6.13 and 6.15 (2S, 2B, H-l), 6,74 
(broad d, 2H, NHCOCF3), 7.30 (m, 2H, Ar-H), 7.65 (m, 2X2B, Ar-H), 11.89 
and 11.91 (2s, 2H, OH-5 and OH-8). 
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IxupU 67 1 3-(3'-aauVnot)Oaiolyl)-5,10-diMO-l,3,4,5,10- 
panta hydro-napatho- [2 , 3-c] -pyran (BCH) 

OCH, o 
OCH, 

NH, 

0 Ns*( 

0 
BCH 



Step Is 3-aceto-5 r 8-diox©-3 ,4,5, 8-tetrahydrt>- lH-bexno- [ 2 , 3-c ] -pyran 

CAN oxidation of 5,8-Dimethoxy-3-acetoi80chroman yielded the titled 
10 compound. 

X H NKR (GDCl 3 , 250 MHz, Bruker) 5: 2*23 (3H, s, COCH3), 2.36 (1H, dd tr, 
J«17.8Hz, 11,0Hz, 2.9Hz, 4-HGH a ), 2.75 <1H, d tr, J«17.8Hz, 2.9Hz, 4- 
HCHq), 3.96 (1H, dd, J«llHz, 5.3Hz, 3-CB), 4.41 (1H, d tr, J«17.8Hz, 
3.5Hz r l-HCH a ) r 4.72 (1H, d tr, J«17.5Hz, 1Hz, l-HCH e ), 6.71 (2H, m, 
15 ArB) • 

Step 2: 3-acet©-5 , 10-dioxo-3 ,4,5, 10-tatrahydro-lH-naphtho- [ 2 , 3-c ) - 

20 The titled compound was obtained by following the procedure described in 
step 2, example 5, and using the product from step 1 herein. 
*H NKR: (CD CI 3, 250 MHz, Bruker) 5: 2.30 (3H, 8, COCH3), 2.56 (1H, dd 
tr, J«18Hz, 11.2Hz, 2.9Hz, 4-HCH a ) , 3.01 (1H, d, J-18.0HZ, 4-BGHg) , 4.05 
(1H, dd, J« 11.2Hz, 3.8Hz, 3-CH) , 4.60 (IB, d tr, J«17.8Bz, 4.1Hz, 1- 

25 HCHa) , 4.95 (1H, dm, J«17.8Hz, l-HCHe), 7 * 73 < 2H ' m ' 7 ' 8-ArH) , 8.08 
(2H, m, ArH) . 
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Step 3 s 3-broeoacatyl-5 , 10-dioxo-3 ,4,5, 10-tetrahydro-lH-naphtho- 

[2,3-c]-pyran 

The titled compound was obtained by following the procedure described in 
5 step 1, example 7, and using the product from step 2 herein. 

X H NMR (CDC1 3 , 250 MHz, Bruker) 5s 2.57 (1H, dd tr, J-18.8Hz, 11.2Hz f 
3Hz, 4-HCH a ), 3.02 <1H, dm, J-18.8HZ, 4-HCH e >> 4.21 <1H, d, J«12.9Hz, 
CHBr), 4.30 (1H, d f J«12.9Hz, CHBr) , 4.34 (1H, dd, J«11.2Hz, 4.7Hz, 3- 
CH), 4.58 (1H, d tr, J- 18.0Hz, 3.0Hz, l-HCH a ) , 4.90 (1H, d m, J- 18.0Hz, 
10 1-HCB*), 7.70 (2H, m, 7, 8-ArH ) , 8.04 (2H* m, 6, 9-ArH). 

Step 4s 3- ( 3 ' -ami nothiasolyl ) -S , 10-dioxo-l ,3,4,5, 10-peatahydro- 

naphtho- [ 2 , 3-cJ -pyran 

15 Bromomethyl ketone from step 3 herein (270 mg, 0.81 mmol) was stirred 
with thiourea (60 mg, 0.88 mmol) in ether (80 ml) and methylene chloride 
(10 ml) at room temperature for 4 hours. Three pellets of molecular 
sieves were used to take up water. Solvent was evaporated to give a 
white solid* The crude product was washed with chloroform/ether (8:1) 

20 first, then ossified with potassium carbonate. It was extracted with 
chloroform. The organic phase was evaporated to give a crude product 
which was chromatographed to give desired titled product. 

dec. 130°C. 

25 

X B NMR (CDCI3, 250 MHz, Bruker), 2.80 (1H, m, 4-HCH a ), 3.09 (1H, br d, 
J « 18.2 Hz, 4-HGH,), 4.58 (IB, dd, J * 10.0 Hz, 3.5 Hz, 3-CH) , 4.68 
(IB, d tr, J - 18.8, 2.9 Hz, l-HCH a ), 4.95 (1H, dd, J « 18.8 Hz, 2.3 Hz, 
1-HCHe), 5.54 (1H, br s, HH) , 6.54 (1H, 0, thia-H), 7.73 (1H, m, ArH), 
30 8.08 (1H, m, ArH) • 
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Bxaapl. *•* Cyclic mmiam rabsti.fcutad naphtfcoquiaoa. darivstlv* 

' BOC 

<S> - Q 

COOT COOT 




5 Step It »*M>C~lMiiip*cotic acid 

The titled compound mi obtained following standard conditions. 

X B HMR (GDCl 3 )t 6 4.02 (m, 2H, CH 2 N), 2.73 (m, 2H, CH 2 N), 2.50 (m, 1H, 

CHCOOH), 1.91 (m, 2H, £H 2 CHCOOH) , 1.64 <m, 2H, £H 2 CHCOOH). 

10 

Step 2 s M-BOC-4-piperid i neeet.hanol 

To a solution of the acid from step 1 (0.11 g, 0.48 mmol) in dry THF 
(4.8 ml), under argon, at 0°C, was added dropwiee BH 3 -THF 1.0 M/THF 
15 (0.72 ml, 1.5 eg) . The solution was stirred at 0°C for 30 minutes and 
at room temperature for 15 hours. Methanol (10 ml) was then carefully 
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10 



added to destroy the excess BH3 and the solvents were, evaporated. The 
residue was poured in CH 2 Cl 2 /sat. aq. NaHC0 3 and the phases were 
separated. The aqueous layer was extracted with GH2CI2 (2x) and the 
combined organic extracts were dried over MgSO^ The solids were 
filtered and the solvent evaporated to give the titled alcohol as a 
clear oil (0.092 g, 89%). 

*H NMR (CDCI3): 8 4.09 (m, 2H, CH 2 N), 3.44 (d, 2H, £H 2 0H), 2.67 (m, 2H, 
CH 2 N), 2. OB (bs, 1H, OH), 1.73-1.52 <m, 2H, £H 2 ~CB 2 N)# X * 46 < B ' 9H ' 
BOC), 1.22-1. 01 (m, 2H, £H 2 -GH 2 N) . 

Step 3t j»o-[K-BOC-4-piperidin—eth«nnl}-3-acetyl-5 , B- rtim o tho xy 
isochroman racemic 



The titled compound was obtained via DDQ induced coupling of the alcohol 
IS from step 2 herein with 3-aceto-5 , 8-dimethoxy isochroman. Purification: 
flash chromatography (silica gel, 2:1 Hex/BtGAc). 

X H HMR (CDCI3): 5 6.76 (d, IB, J * 8-8, ArH), 6.70 (d, lH r J * 8.8, 
ArH), 5.77 (s, 1H, H-l), 4.59 (dd, 1H, J ■ 4.2, 12.2, H-3), 4.08 (m, 2H, 
CH 2 N), 3.78 (8, 3H, ArOMe), 3.77 (s, 3H, ArOMe), 3.72 (dd, IB, J - 6.4, 
20 9.7, H-l'), 3.57 (dd, 1H, J « 6.4, 9.7, H-l'), 3.04 (dd, 1H, J - 4.2, 

17.6, H-4), 2.70 <m, 2H, CH 2 N), 2.53 (dd, 1H, J « 12.2, 17.6, H-4), 2.33 
(s, 3H, COGH3), 1.76 (m, 3H, £H 2 £H-CH 2 0) , 1.21 (m, 2H, £H 2 CHCH 2 0). 

Step 4s Methyl- ( l-O- [ 2 ' -piper id i nemethanol 1 -5 , 10-dioxo-3 ,4,5, 10- 
25 tetrahydronaphthaleno- [ 2 , 3-c ] pyran-3-yl) ketone, racemic, 

hydrochloride (BCH-2069) 

The titled compound was obtained from the precursor from step 3 herein 
as per previously described procedure. 
30 X H NMR (DKSO): 6 8.05-7.80 (m, 4B, ArH), 5.69 (8, 1H, H-l), 4.48 (m, 

1H, H-3), 3.88 (m, 4B, CH 2 N and NH 2 C1), 3.74 (m, 1H, H-l'), 3.60 (m, 1H, 
H-l'), 3.25 (m, 1H, H-4+H 2 0) , 2.82 (m, 3H, CH 2 N and H-4), 2.31 (8, 3H, 
OOCH3), 2.01-1.70 (m, 3H, £H 2 £H-CH 2 0) , 1.57-1.38 (m, 2H, £H 2 GHCH 2 0) . 

35 Example 69 Biamino-sugar substituted naphthoquinone derivative 
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Shifa nhtfa 




BCH-2104 
BCK-2102 



Step Is < 2R, 48 , 58 , 6S) -2-t«rt-butyldim»thyl«ilyIoxy-4- 

5 

To a solution of the hemiacetal (0.51 g, 2.08 mmol) in dry CH 2 C1 2 (20 
ml), under argon, at room temperature, were added successively imidazole 
(0.28 g, 2 eq) and t-BuMe 2 SiCl (0.34 g, 1.1 eq) . The solution was 
stirred at room temperature for 15 hours after which it was poured in 

10 sat. aq. NaHC0 3 . The phases were separated and the aqueous layer was 
extracted with CH 2 C1 2 (2x). The combined organic extracts were dried 
over MgS0 4 , the solids were filtered and the solvent evaporated to give 
0.72 g (97%) of the titled silyloxy-sugar ae a white solid. 
l B NMR (CDCI3): 5 6.82 (bd, 1H, NH), 4.78 (dd, 1H, J « 2.2, 9.2, H-l), 

15 4.09 (m, 1H, H-3), 3.62 (q, 1H, J « 6.6, H-5), 3.48 (d, 1H, J = 2.6, H- 
4), 2.44 (be, 1H, OH), 2.08 (dd, 1H, J * 5.0, 13.0, H-2), 1.55 (ddd, 1H, 
J « 9.2, 13.0, 13.0, H-2), 1.29 (d, 3H, J « 6.6, H-6), 0.89 (s, 9H, t- 
Bu), 0.12 (s, 3H, SiMe), 0.11 (s, 3H, SiMe). 
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Step 2t (2R,4S f 5R r 6S)-2-t«rt-butyldij^thyl«ilyloxT-4- 

trifXuoroac«taaido-5-aBido-6*-««thyl«-t«trahydropyraii 

5 To a solution of the alcohol (0.40 g, 1.11 mmol) in dry CH 2 C1 2 (11.1 
ml), under argon, at -30°C were added successively pyridine (0*45 ml, 5 
eq) and Tf 2 0 (0.37 ml, 2 eg) and the solution was stirred at -10°C for 1 
hour. It was then poured in sat. aq. NaH0t> 3 and the phases were 
separated. The aqueous layer was extracted with CH2CI2 (2x) and the 

10 combined organic extracts were dried over MgSO*. The solids were 
filtered and the solvents were evaporated to dryness. The red oil 
obtained was dissolved in dry DMF (11.1 ml), under argon, at room 
temperature, and HaN 3 (0.36 g, 5 eq) was added. The suspension was 
stirred for 5 hours after which it was poured in EtQ&e. This organic 

15 phase was washed with water (3x) and brine. It was then dried over 
MgS0 4 , the solids were filtered and the solvent evaporated to give the 
titled asido-trifluoroacetamide as a clear oil (0.27 g, 68%). 
1 H NMR (GDCI3) : 6 6.44 (bd, 1H, J - 8.6, KB) , 4.82 (dd, 1H, J - 2.1, 
8.8, B-l), 4.09 (ddd, 1H, J - 4.7, 9.7, 12.8, H-3), 3.41 (dq, 1H, J «= 

20 6.1, 9.2, H-5), 2.97 (dd, 1H, J - 9.7, 9.7, H-4), 2.21 (ddd, 1H, J « 

2.1, 4.7, 12.8, H-2), 1.67 (ddd, 1H, J - 8.8, 12.8, 12.8, H-2), 1.39 (d, 
3H, J » 6.1, H-6), 0.89 (s, 9B, tBu), 0.12 (S, 3H, SiMe), 0*10 (s, 3H, 
SiMe). 

25 Step 3i (2K,48,5R r 68)-2-tert-butyldiJMthyl«ilyloxy-4 f 5-bi»- 

trlf luoroace t i dn -6 -m ethy l-te*rah y d r o- p y ran 

The axido saccharide from step 2 was reduced as per standard 
contiditons. Purification: flash chromatography (silica gel, 85:15 

30 Hexanes/BtOac ) . 

a B NMR (CDCI3). 5 7 * 85 < bd ' IB, J - 9.4, NB), 7.48 (bd, IB, J » 9*7, 
KB), 4.84 (d, IB, J - 7.6, H-l), 4.38 (m, 1H, H-3), 3.96 (m, 1H, H-4), 
3.56 (dq, IB, J * 6.1, 9*6, H-5), 2.19 (m, 1H, H-2), 1.78 (m, 1H, H-2), 
1.29 (d, 3B, J - 6*1, H-6), 0*89 (s, 9H, t-Bu) , 0.12 (0, 3B, SiMe), 0.11 

35 (0, 3B, SiMe). 

Step 4 1 (1R,38,1'S) and <1S,3R, 1 'S) -Methyl- (l-[ 2 • ,3 ' ,4 • ,6 1 - 

tetradeoxy-3 • , 4 ' -bis-trif luoxoacefcamido-L- 
arabinohexopyranoae] -5 , 10-dioxo-3 ,4,5, 10- 
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tetrahydranaphthal«no-[2,3-c) pyran-3-yl) totent (BCH-2104 
and BGH-2102) 



15 



20 



25 



30 



To a solution of the hydroxyquinone (72 mg, 0.33 mmole) and di- 



of a 9:1 mixture of anhydrous CH2 cl 2/ Acatone ' under argon, at -30 °C, 
wore added activated 4A M.S. (200 mg) and TMSOTf (94 mL) . The 
solution was stirred at -30 °C for 4 hr and 5% NaHCX>3 (5mL) was added. 
The biphasic solution was stirred for 15 min while the temperature waB 
allowed to go hack to r.t. It was then filtered through Celite and 
poured in water. The phases were separated and the aqueous layer was 
extracted with CB2CI2 (2x). The combined organic extracts were dried 
over MgS0 4 , The solids were filtered and the solvents evaporated. The 
pale brown solid obtained was dissolved in dry toluene (6.5 mL) and 1- 
acetoxybutadiene (0.19 mL, 5 eg) was added. The solution was stirred 
at r.t. , under argon for IS hr. Silica gel was added and air was 
bubbled through the solution. This suspension was then placed on top 
of a silica gel column and the column was eluted with hexanes (1 
reservoir). When the hexanes was all gone , it was replaced with 2:1 
hexanes /athyl acetate and themixture of isomers was collected. This 
mixture was further purified by chromatography (10% acetone/toluene) 
to give 58 mg (30%) of the titled separated isomers. 
The faster running fraction had: 33 mg, m.p.: 180-195 °C dec. 
X H NKR (Acetone-d 6 ) 1 d 8.47 <d, 1H, J- 9.1, NH), 8.36 (d, IB, J* 9.4, 
NH), 8.11-8.04 (m, 2B, ArH), 7.92-7.85 (m, 2H, ArH) , 6.03 (s, 1H, B- 
1), 5.65 (s, 1H, B-l')# 4.68 (dd, IB, J» 4.1, 11.6, H-3), 4.58-4.36 
(m, 2H, H-3' and B-4'), 3.85 (q, 1H, J- 10.1, H-5'), 3.02 (dd, 1H, J= 
4.1, 19.6, B-4), 2.51 (dd, 1H, J= 11.6, 19.6, B-4), 2.32 (s, 3H, 
COMe), 2.28-2.09 (m, 2B, B-2'), 1.28 (d, 3B, J- 6.3, B-6'). 
The slower running fraction had: 25 mg, m.p. : 143-153 dec. 
X B NMR (CDCI3) : d 8.55 (d, IB, J* 9.2, NH), 8.46 (d, IB, J* 9.1, NH) , 
8.13-8.07 (m, 2H, ArH) , 7.95-7.88 (m, 2B, ArH) , 6.17 (s, IB, B-l), 
5.63 (t, IB, J» 2.5, B-l'), 4.71 (dd, IB, J- 4.3, 11.6, B-3), 4.61- 
4.34 (m, 2B, B-3 4 and H-4 * ) , 3.86 (q, IB, J- 10.2, B-5'), 2.99 (dd, 
IB, J- 4.3, 19.7, H-4), 2.58 (dd, IB, J* 11.6, 19.7, H-4), 2.32 (s, 
3H, COMe), 2.28-2.13 (m, 2B, B-2'), 1.37 (d, 3B, J* 6.2, B-6'). 

Bxaaple 70: 4 ' -iodortaiinosamine substituted napht oqw i none 



trifluoroacetamido sugar from step 3 herein (162 mg, 1.1 eq) in 6.5 mL 



derivative 



220 




WOW/11382 



PCT/CA93/00463 




. BOM047 



Step It ( 28 , 48 , 58 , 68 ) -2 - ( 2 1 -esthoxy-2 1 -propanoxy ) -4-as ido-5-broeo-6- 

5 v*thyl-tetrahydropyran 

To a aolution of the triflate (1.06 g, 2.80 mmol) in a 1:1 mixture of 
CH 2 C1 2 /toluene (15 ml), under argon, at room temperature, was added 
nBu 4 NBr (1.34 g, 1.5 eq) and the aolution was stirred for 3 hour a. It 

10 was then poured in sat. aq. NaHC03 and the phases were separated. The 
aqueous layer was extracted with C^Clj (2x) and the combined organic 
extracts were dried over M9SO4. The solids were filtered and the 
solvents evaporated to give a crude oil that was purified by flash 
chromatogrphy < silica gel, 85:15 Hexanes/BtOAc) . The titled bromo-axide 

15 was obtained in 66% yield (0.57 g). 

*H NKR ( CDCI3 ) : 8 5,34 (d, 1H, J « 3.4, H-l), 4.27 (s, 1H, H-4), 4.02 
(q, 1H, J * 6.2, H-5), 3.96 (m, 1H, H-3), 3.20 (b, 3H, OMe) , 2.23 (ddd, 
1H, Jo 3.4, 12.5, 12.5, H-2), 1.74 (dd, 1H, J - 4.26, 12.5, H-2), 1.40 
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(s, 3H, gemdimethyl), 1.35 (a, 3H, gemdimethyl), 1.25- <d, 3H, J « 6.2, 
B-6). 



To a solution of the bromo-azide from step 1 (0.57 g, 1.84 mmol) in dry 
CH 2 C1 2 (9.0 ml), under argon, at 0°C, was added slowly CP 3 C00H (7 \xl, 
0.05 eq) and the solution was stirred for 60 minutes. The solvent and 

10 reagent were then evaporated to dryness and the crude hemiacetal was 
dissolved in a dry mixture (15:1) of CH 2 C1 2 /DHF (9*2 ml). Imidazole 
(0.25 g, 2 eq) was then added followed by t-BuMe 2 SiCl (0.31 g, 1*1 eq) . 
The solution was stirred at room temperature for 15 hours after which it 
was poured in sat. aq. NaHC0 3 . The phases were separated, the aqueous 

15 layer was extracted with CH 2 Cl 2 (2x) and the combined organic extracts 
were dried over MgS0 4 . The solids were filtered and the solvent 
evaporated to give the titled TBOKS protected bromo-azide (0.30 g, 46%) 
as a clear oil. 

1 H NHR (CDCI3): 6 4.80 (dd, 1H, J « 2.5, 8.7, H-l), 4.15 (dd, 1H, J « 
20 1.2, 3.3, B-4), 3.57 (ddd, IB, J « 3.3, 4.4, 11.8, B-3), 3.44 (dq, 1H, J 
* 1.2, 6.1, H-5), 2.11-1.88 <m, 2B, H-2), 1.33 (d, 3H, J - 6.1, H-6), 
0.90 <s, 9B, t-Bu), 0.14 (s, 3B, SiMe), 0.11 <s, 3B, SiMe) . 

Step 3 1 (2R,48,58,*8)-2-tert-butyld*metaylsilyloxy-4- 
25 trlflttoroace tssirtfv -S-broao^-mathyl-tetra hy dro p yran 

To a solution of the aside from step 2 herein (0.30 g, 0.84 mmol) in a 
19:1 mixture of THF/H 2 0 (8.4 ml) was added Ph 3 P (0.33 g, 1.5 eq) and the 
solution was heated at 50°C for 3 hours. Zt was then poured in sat. aq. 

30 NaHC03 and the aqueous phase was extracted with CH 2 C1 2 (3x). The 
combined organic extracts were dried over MgS0 4 . The solids were 
filtered and the solvent evaporated to dryness to give a crude amine 
that was dissolved in dry CH 2 C1 2 (8*4 ml). To this solution, under 
argon, at -30°C, were added successively dry pyridine (0.14 ml, 2 eq) 

35 and TFA 2 0 (0.13 ml, 1.1 eq). The solution was stirred for 90 minutes at 
-30°C and was then poured in sat. aq. NaBCC^. The phases were 
separated, the aqueous layer was extracted with CH 2 C1 2 (2x) and the 
combined organic extracts were dried over MgSO^ The solids were 



Step 2 1 



(2R, 48 , 58 , 6S)-2-tart-butyldimethylsiJLyloxy-4-asido~5-b; 



5 



6-Mthyl-tetrahydropyran 
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filtered and the solvent was evaporated to give the titled crude bromo- 
trifluoroacetamide in 72% yield (0.26 g). 

*B NMR (CDC1 3 ): 5 6.67 (bd, IB, J - 7.3, NH), 4.84 (dd r 1H, J - 5.4, 
6.5, B-l), 4.28-4.17 (m, 2H, B-3 and B-4), 3.58 <q, IB, J « 6.1, B-5), 
5 1.89-1.83 <m, 2B, B-2), 1.32 (d, 3B, J - 6.1 r B-6), 0.88 (8, 9H, t-Bu), 
0.12 (e, 3H, SiMe), 0.10 (0, 3B, SiMe). 

Step 4s (Ul,3S,l 9 8)*-Nethrl-(l-{2 t r 3 t ,4 l ,6 > *tetradeoxv-3'- 

trlf luoroacetamido-4 • -broso-L-l yxohexopyra noas )-5, 10— dioxo- 
10 3,4,5, 10-tetrahydronaphthaleno- [ 2 , 3-c ] pyran-3-yl) ketone 

The titled compound was obtained as per previous procedures from the 
sugar of step 3 and the isochromandione. Purification: flash 
chromatography (silica gel, toluene/acetone 95:5). The two isomers are 

15 separable by chromatography. 

a B HMR (CDCI3): 6 8.15-8.07 (m, 2B, ArB), 7.81 -7.76 <m, 2B, ArB) , 6.46 
(bd, IB, J - 8.4, HH) , 6.01 (e, IB, B-l), 5.62 (d, IB, J * 3.2, B-l»), 
4.54 (dd, IB, J - 4.0, 11.7, B-3), 4.42 <m, IB, B-3?), 4.37 (S, IB, B— 
4*), 4.11 (q, IB, J • 6.5, B-5'), 3.11 (dd, IB, J - 4.0, 19.7, B-4), 

20 2.53 (dd, IB, J - 11.7, 19.7, B-4>, 2.35 (s, 3B, OOHe), 2.14 (td, IB, J 
- 3.2, 12.9, B-2'), 1.91 (dd, IB, J - 4.5, 12.9, B-2'), 1.32 (d, 3B, J » 
6.5, B-6'). 

The ( IS , 3R , 1 • S ) -Methyl- ( 1- [ 2 • , 3 • , 4 ' , 6 • -tetradeoxy-3 ■ -tr if luoroacetamido- 
4 • -bromo-If-lyxohexopyranose J -5 , 10-dioxo-3 ,4,5, 10-tetrahydronaphthaleno- 

25 [2, 3-c] pyran-3-yl) ketone (BCH-2047) had: 

a B NMR (CDCI3 ) : 5 8.15-8.08 (m, 2B, ArB), 7.82-7.74 (m, 2B, ArB), 6.50 
(bd, IB, J - 8.5, HH), 6.18 (s, IB, B-l), 5.49 (d, IB, J - 3.4, B-l'), 
4.58 (q, IB, J - 6.4, B-5'), 4.48 (dd, IB, J - 4.2, 11.6, B-3), 4.40 (s, 
IB, B-4'), 4.40 (m, IB, B-3'), 3.08 (dd, IB, J - 4.2, 19.7, B-4), 2.57 

30 (dd, IB, J « 11.6, 19.7, B-4), 2.32 (s, 3B, OOMe), 2.18 (td, IB, J * 
3.4, 13.0, B-2*), 1.79 (dd, IB, J « 4.4, 13.0, B-2'), 1.49 (d, 3B, J » 
6.4, B-6 1 ). 

Example 71 1 Cyclic amine substituted naphthoquinone derivative 

35 
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BOC 



Ohfc 




o o 



o o 




.CI 




BCH-2061 



BCH-3060 



Step Is 



M-BOC-3-plparid i nemet hsnol 



5 The titled compound obtained following protection with BOC had: 

*H HKR (CDC1)M 5 3.90-3.65 <m, 2H), 3.48 (d, 2H, CH 2 OH) , 3.25-2.75 <m, 
2H), 2.20 (be, IB, OB) , 1.86-1.54 (m, 4H) , 1.25 (m, IB). 



10 



Step 2i 1 -O- |»-BOC-3-pipsri d i nemethsnol ] -3 -acetyl -5 , 8-d f — t.hoxy 

i, mixture of isomers 



The titled r rffipw Y* was obtained from the precursor of step 1 herein and 
5 , 8-dimethojcy-3-acetoiaochroman as per procedure described earlier. 
Purification: flash chromatography (silica gel, 2:1 Hexanes/EtOAc ) . 
15 The isomers were not separable by flaBh chromatography. 

X H NMR (CDC1 3 ): 5 6.75-6.65 <m, 2H, ArH) , 5.74+5.73 (2b, 1H, H-l), 4.60 
(m, 1H, H-3), 4.05-3.56 <m, 4H, H-l* and CH 2 N), 3.04 (dd, 1H, H-4), 
2.86-2.62 (m, 2H, CH 2 N), 2.53 (dd r 1H, H-4), 2.33 (a, 3H, COCH3) , 1.94- 
1.79 (m, 2H), 1.68 (m, 1H), 1.48 (s, 9H, BOC), 1.37-1.24 <m,2 H) . 

20 
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Step 3t Methyl- ( l-O- f H-BOC-3-plperldiAft»ftthanol } -5 , 6-dloxo-3 ,4,5, 10- 

' tatrahydronaphthAlaiio- [ 2 , 3-c ) pyra»-3-yl) ketone, mixture of 
itoMri (BGH-2060) 

5 The titled compound was obtained from the product from step 2 herein, 
following previously described procedures. Purification: flash 
chromatography (silica gel, 2:1 Hexanes/EtQac) . The Isomers were not 
separable by flash chromatography. 

X H NMR (CDCI3) : 5 8.12-8.03 (m, 2H, ArH) , 7.78-7.67 <m, 2H, ArH) , 6.72 . 
10 (b, 1H, H-l), 4.54 (m, 1H, H-3) ,' 4.10-3.55 (m, 4H, H-l* and GH 2 N) r 3.04 
(dd, IB, H-4), 2.90-2.60 <m, 2H, CH 2 N), 2.51 <dd, IB, H-4), 2.30 <s, 3H, 
COCH3) , 1.97-1.72 (m, 2B), 1.61 <m, 1H) , 1.48 <s, 9H r BOC), 1.34-1.15 
<m, 2H). 

15 Step 4: Methyl- ( l-O- [ 3-piperldJjiemethanol ] -5 , 10-dloxo-3 ,4,5, 10- 

tetrahydronsphtha 1 eno- [ 3 , 3-c ] pyran-3-yl) ketone 
hydrochloride salt, mixture of Isomers (BCH-2061) 

The titled compound was obtained from the tricyclic product from step 3 
20 herein following acidic hydrolysis. 

X H HMR (DMSO-d 6 ): 8 8.23-7.84 <m, 4H, ArH) , 5.68+5.67 (2s r 1H, H-l), 
4.48 (n, 1H, H-3), 3.83-3.57 <m, 2H, H-l'), 3.29-3.15 (m, 2H, CH 2 N) , 
2.84 (dd, IB, H-4), 2.66 <m, 2H, CH 2 N), 2.43 (m, 1H, H-4), 2.29 <s, 3H, 
COCH3), 1.74-1.72 (m, 4B), 1.25 (m, 1H) . 

25 
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We cliim: 

1. A compound of the formula: 




wherein 

Xf and X2 are independently selected from the group consisting of 
10 O, S, and N(R), wherein R is selected from me group consisting of hydrogen, hydroxy!, Cj. 16 alkyl, 
^1-16 82x3 ^1-16 alkylamine: 

X3 is selected from the group consisting of O, S, SO, S0>2, and NR, wherein R is selected from the 
group consisting of hydroxyl: 

c l-16 * c y 1 » ^1-16 c l-16 ^ c l-16 halo * c y 1 » hydrogen. 
15 X4 is selected from the group consisting of C-Q, nitrogen, and NO: 

R| 9 R2» R3, and Q are independently selected from the group consisting of hydrogen, hydroxyl, 
alkyl, C}.i5 alkoxyl, C3. 8 cycloalkyl, tosyi, mesylate, acetate optionally substituted with a C|.g alkyl, 
triflate, trifluoroacetate, halogen, nitro, cyano, Cj.jfi acyl, C|.|5 arylacyl, anunoalkylarmnoalcohol of 
formula NHCCH^NHCCH^mOH wherein n and m are independently 1 to 4, 
20 smmoalkylarnmoalkylhalide of formula NH(CH2) n NH(CH2) ID X wherein n and m are independently 1 to 
4 and X is a halogen, amino, which may be unsubstimted or mono or 

di-substituted by C}_g alkyl, C 3 _g cycloalkyl, C|.g acyl, trifluoroacyl, Oj. n aralkyl and C^jg 
aryl; C^.g alkenyl, and C^g alkynyl, 

haloalkyhutrosoureido of the formula NH(CO)N(NO) (CH^ CH2X, wherein nis0to4andXisa 
25 halogen, and 

-NH(CH2>n N R* R*+ wherein n is 1 to 6, R* and R** are mdependently selected from hydrogen, Cj.g 
alkyl, C^ig aryl, C 7 _ 18 aralkyl, C^g acyl, and trifluoroacyl, 

a group of the formula -0-C(R)*=0 wherein R is selected from the group consisting of hydrogen, Cj. 16 
alkyl, C3_g cydoalkyU C2-12 alkoxyalkyl, C 7 . 18 aralkyl, C 7 . 18 araloxyalkyl, C 7 _ 18 aryloxyalkyl and 

Z is one of OR^ or C-R7. 

R$ is selected from the group consisting of C|. 16 hydroxime, C$.i 8 hydrazone, C M6 hydroxyalkyl, 
hydrogen, C$. 18 aryl, C>7_ 18 aryloxyalkyl, C 7 . 18 araloxyalkyl, phenyl, Cj.jg alkyl, acetoxy, Cj.jg 
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dfrydroxyalkyi, C2_g alkenyl, C2-8 alkynyl, C^g cydoalkyl, squaric acid, alkyl squarate, amino, 
cyano, dimethylphcwpbonato, phenyl sulfone, Cj.g aryl sulfbne, and . 

Cj.g acetyl, agroup of the formula -€(R) = X* wheran X is selected from the group consisting of two 
hydrogens, one hydrogen and R+ is selected from a Cl-8 alkyl, C2-S alkenyl, C7-18 aralkyl, and O, or . 
5 its dioxnlanc or dioxane or dialkoxy Cl-8 ketal, and wherein R is selected from the group consisting of 
hydrogen, C 1 . 16 alkyl, Cj.g thioalkyl, C 3 .g cydoalkyl, C^jg aryl, C^g aralkyl, fluoromethyl, 
diflnoromethyl, Cj_g hydroxyalkyl, C^-i©* alkene, squahc acid, C^.j^ alkyne, Cj^ thioalkyl, C$_jg 
thioaryl, alkyl squarate, C^.g alkoxyalkyl, C^jg araloxyalkyl, C^.ig acyloxyalkyl, Cj.g alkoxy, 
hydroxy, acetoxy methyl, bromomethyl, Cj_g aceto, amino which may be unsubstituted or mono- or oi- 
10 substituted by hydrogen, Cj.g alkyl, Cj.g cydoalkyl, Cj^ acyl, trifiuoroacyl, C-j^ aralkyl, C^jg 

aryl, 

a group of the formula -GHR+ R**, wherein R* and R*+ are independently selected from the 
group consisting of C].g alkyl, hydrogen, PO (OR>2 wherein R is selected from the group 
consisting of hydrogen, Cj^ alkyl, Cj.g acyl, C^jg aryl, C 7 . 18 aralkyl, and 

15 a group of the formula -(GH^Z* wherein n is O to 7 and Z+ is from the group «w"<^«£ of 

hydrogen, C|.g acyl, C^_jg aryl, C^.jg aralkyl, pyrolane, and a 5 or 6 membered aromatic or 
non-aromatic heterocyde containing one or more heteroatoms selected from the group consisting 
of O, S, N, SO, SO2* P, PO and NR wherein R is selected from the group consisting of 
hydrogen, hydraxyl, C M acyl, alkyl and C^_ 12 aryl; 

20 said heterocyde being optionally substituted with one or more halogens, hydroxy, C^jg aryl 

sulfbne, Ci_i 6 alkoxy, C|. 16 alkyl, nitro, C1.15 hydroxyalkyl, 

amino, which may be unsubstituted or mono- or di -substituted by Cj_g alkyl, cydoalkyl, 
c l-8 ■ c y , » trifiuoroacyl, C^ig aralkyl, C^jg aryl, alkenyl, C^ m ^ alkynyl and hydroxy, 
Z* can also be a group of the formula -NR* R++ wherein R+ and R++ are independently selected 

25 from the group consisting of hydrogen, Ci_g alkyl, Cj.g acyl. C^g aryl, Cy.jg aralkyl, C lig 

haloalkyl, C\jg hydroxyalkyl, Cj.g alkaxyaDcyl, Ci_g acyloxyalkyl, C^.^ araloxyalkyl, and a 
group of formula -COCCH^ C(PO(OR)2)2 wherein nislto4andRis hydrogen or Cj_g 
alkyl; and a naturally occ urri ng amino acid; 
a group of the formula -C(OR)=0, where R is selected from the group of hydrogen, Cj.^j 

30 alkyl, cydoalkyl, Cj_g hydroxyalkyl, Cj.g alkoxyalkyl, C^g aryloxyalkyl, C^jg araloxyalkyl, 
C^jg aryl and O^g aralkyl; 

a group of the fonnula -(CH^ C(R)=O t wherein n is 1 to 6 and wherein R is selected from the group 
consisting of hydrogen, hydroxyl, C}.|5 alkyl, cydoalkyl, Cj.g hydroxyalkyl, C^.g alkoxyalkyl, 
alkoxy, €7.^ aryloxyalkyl, Cy.jg araloxyalkyl, C^jg aryl, C>7_|g aralkyl, 
35 amino which may be unsubstituted, mono- or di-substituted by Cj_g alkyl, C3_g cydoalkyl, 

acyl, trifiuoroacyl, C2-12 aralkyl, C$.12 m 5 or 6 membered aromatic or non aromatic 
heterocyde containing one or more heteroatoms selected from the group consisting of O, S, N, 
SO, S02» P, PO, and NR wherein R is 

selected from the group consisting of hydrogen, oxygen, hydroxyl, acyl,' C alkyl and aryl, 
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said heterocycle being optionally substituted with one or. more halogens, C^jg 
arylsulfone, hydroxy, C M6 alkoxy, nitio, Cj.jg alkyl, C M6 hydroxyalkyl, amino 
which may bo unwibsfimteri or mono- or disiibsatuted by C|.g alkyl, C^g cycloalkyl, 
acyl, trffluoroacyl, aralkyl or aryl; C2.8 alkenyl, C2.8 alkynyl and hydroxy: 
5 R7 is selected from the group consisting of hydrogen, alkyl, halogen, amino, hydroxy, C t .| 6 

alkoxy, thiol, cyano, sulfide, acyl of the formula -C(R)«0 wherein R is selected from 

the group consisting of hydrogen, C M6 alky I, Cj. 16 alkoxy, £3.3 cycloalkyl, C^g 
hydroxyalkyl, O;.^ araloxyalkyl, C2.8 alkoxyalkyl, C^g acyloxyalkyl, aryloxyalkyl, 
squaric acid or eauarate, amino which may be imsubstituted or mono- or di-substi t u t ed by Cj_g 
10 alkyl, C 3 .g cycloalkyl, C^g acyl, cyano, trifluoroacyl, C;.^ aralkyl or <%. 12 aryl, and a 

naturally occuring amino acid; 
a group of the formula -C(OR)«=0 wherein R is selected from the group consisting of hydrogen, Cj.15 
alkyl, C^g cycloalkyl, Cj_g hydroxyalkyl, C^.g alkoxyalkyl, aryloxyalkyl, C 7 . 1 2 araloxyalkyl, 

C6-12 * f y 1 ' C7-I8 «»lkyl «nd C1-16 
15 R5 andRg are mdepenintly selected from the group consisting of hydrogen, halogen, hydroxyl, Cj_ 16 
alkoxyl, Cj.jg alkyl, C2.16 acetylenyl, a group of the formula -(GH^-NRH** wherein n is 1 to 6, 
and R* and R+* are independently selected from a group consisting of Cj_g alkyl, C}^ acyl, 
cycloalkyl, hydrogen, C2.8 carboalkoxy, C2.g alkene, ^.g aflcyne, C$.12 aryl, and 

(OCH 2 CH(PO(OR)2)2 
20 wherein R is a hydrogen or a Cj.g alkyl and wherein n is 0 to 5; 

C^g cycloalkyl, C2.16 alkenyl, Cj.f $ alkoxyalkylamino, cyano; 
a group of the formula -O-C(R)*=0, wherein R is selected from the group consisting of hydrogen, Cj.^ 
alkyl, €3^ cycloalkyl, C^g alkoxyalkyl, and C^. 12 aryl; 

an acyl of the formula -C(R)=0, wherein R is selected from the group consisting of hydrogen, thiol, Cj. 
25 16 thioalkyl, C M6 alkyl, C^g cycloalkyl, Ci_g hydroxyalkyl, C2„g alkoxyalkyl, €7.^ araloxyalkyl, 
C2-8 ncyloxyalkyl, amino which may be unsuostituted or mono- or di -substituted, and a naturally 
occurring amino acid or a synthetic amino acid; 

a group of the formula -C(OR)«=0, wherein R is selected from the group consisting of hydrogen, Cj. 16 
alkyl and C3.g cycloalkyl, acosamine, glucosamine, N^falotocmyl-nitrosoureidogluc^ 2,6- 
30 dideoxyrhamnose, thioglucose, thiodannosamine, thiol, Cj.i^ thioalkyl, a naturally occuring amino acid 
or di- and tn-peptades thereof, a group of the formula -Z*-CHRR* wherein Z* is selected from the group 
consisting of O, CH2, NR+* wherein R** is from the group consisting of hydrogen, Cj_g alkyl, C2_g 
acyl or C^.^ aryl, 

R and R* are independently selected from the group consisting of hydrogen, alkyl, 
35 aryl, C^.g dmydroxyalkyl, C^g alkene, C2_g alkyne, Cj_g alkoxy, Cj.g alkylamino, C 3 .g 

cycloalkyl, carboalkoxy, a 5 or 6 membered aromatic or non-aromatic heterocycle 
containing one or more heteroatoms selected from the group consisting of O, S, N, SO, SO2, P, 
PO,andNR 

wherein R is selected from the group consisting of hydrogen, hydroxyl, C^.g acyl, Cj. 
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4 alkyl and C$.12 «yl» said heterocycle being optionally substituted with one or more 
halogens, hydroxy, C^g aryl sulfone, cyano Cj.j^ alkoxy, Cj.jg alkyl, nitro, C 1 . 16 
hydroxyalkyl, amino, which may be unsubstituted or mono-or di-substituted by Cj.g 
alkyl, C^g cycloalkyl, Cj.g acyl, trifluoroacyl, C^.jg aralkyi, C^jg aryl, C2_g 
5 alkenyl, C2_g alkynyl and hydroxy; mono or oligosaccharides of the formula: 



I 

Y 




10 

. wherein Y is selected from the group consisting of oxygen, sulfur, sulfoxide, sulfone, CR*R*+, wherein 
R+ and R** are independently selected from die group consisting of hydrogen, Cj_g alkyl, and NR 
wherein R is selected from the group consisting of hydrogen, Cj.g alkyl, and C|.g acyl: 
R9 and Rja are independently selected from the group consisting of hydrogen, halogen, hydroxy, 
15 acetoxy, Cj.^ alkoxy, Cj.i$ alkyl, C^g cycloalkyl, thiol, amino, trifluoroacetamido, 
chloroeuiylnitrosoureido, and cUoroethylureido: 

Rll is selected from the group consisting of hydrogen, amino which may be unsubstituted or 
mono or di-substituted by Cj*g alkyl, cycloalkyl, C^g acyl, t-butylacyl, Cj.g alkoxy, t- 
butyloxycarbonyl, trifluoroacyl, C7.12 nralkyl, C^_j2 * T > r1 ' *nd a naturaUy occuring or synthetic 
20 amino acid; mono or dibenzylatad amino, azido, acylated amino, trifiuoroacylated amino, 

morpholino, cyano su b s t i tute d morpholino, mono-, di-, tri- or tetra-methoxy substituted 
morpholino, mono-, di-, tri- or tetra-acetoxy substituted morpholino, hydroxyl, hydrogen, 
halogen, acetoxy, C|.j5 alkoxyl, C34 cycloalkyl, thiol, sulfide; a group of die formula 
NH(CH2)nCH(C>R)2 wherein R is selected from die group erauristmg of C^jg alkyl, Cj.jg acyl 
25 and aroyl and wherein n is 0 to 5, 

chloiotlkylnitrosoureido of the formula NH(CO)N(NOXCH2)nCH2Cl wherein n is 0 to 4, and 
NH(CH2)2 001201(0^: 

R^ is selected from the group consisting of hydrogen, hydroxyl or its tetrahydropropyl ether (-0IHP), 
mesylate, tosylate, halogen, mono or ohgossccharides, Cj^ alkoxy, amino, mono or dialkylated amino 

30 in which each alkyl contains 1 to 16 carbon atoms, trifluoroacetamido, alkoxy, C3_g cycloalkyl, 
€2^ haloalkylacetate, Hiit" 0 ** which may be unsubstituted or substituted with nitro, one of the group 
ftnnclcting of p-tutrobenxoate, acetoxy, trifluoroacetoxy, chloroalkyhutro-soureido of die formula 
NH(CO)N(NOKCH2)nCH2a wherein n is 0 to 4, and NH(CH2>2 OCR 2 ai ( OA J2- 
R5 and R8 can also be independently selected from a 5 or 6 membered aromatic or non-aromatic 

35 heterocycle ™™g one or more heteroatoms, selected from die group consisting of O, S, N, SO, 
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SO^, P, PO and NR wherein R is selected from the group conarting of hydrogen, hydroxy 1, Cj.g acyl, 
Cj.4 alkyl and C^.^ "y 1 * amid heterocycle being optionally substituted with one or more halogens, 
hydroxy, C^g aryl sulfone, cyano, C W6 alkoxy, C w6 alkyl, nitro, C M6 hydroxyalkyl, amino, 
which may be immibrtitntfri or mono-or di-substituted by C^ 8 alkyl, C 3 .g cycloalkyl, Cj.g acyl, 
5 triHuoroacyl, 07.13 aralkyl, C6-18 aryl, C^g alkenyl, C^g alkynyl and hydroxy. 



10 2. A compound according to claim 1 wherein 

Xi and X2 m mdependently selected from the group o nnms t mg of 
O, 

S, and 
NH; 

15 X3 is selected from the group coiisisting of 

O, 
S, 
C, 
SO, 

20 SO2, 
NH, 

NO,andNOH 

X4 is selected from the group consisting of 
CQ, 

25 N, and 

NO, 

R| , R2, R3, and Q are independently selected from the group coiisistmg of 

hydrogen, 

hydroxyl, 
30 Ci^j alkoxyl, 

tosyl, 

triflate, 

fluorine, 

chlorine, 
35 amino, 

■wiif^iiryi nn h^iftniifi l 0 f formula NHCCH^NHCCH^OH wherein n and m are 

mdependently 1 to 3, 

aminoaIkylamim>alk^ of formula N^CH^NHCCH^Cl wherein n and m 

are independently 1 to 3, 
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chkmMlkyinitnMOtifetdo of the formula NH(CO)K(NOXCH2)n CH 2 CI, a group of the 
formula -0-C(R) = 0,wherein n is 0 to 4, and wherein and wherein R is selected from 
the group consisting of 
hydrogen, 

5 Cj^alkyl, 

«nd C$. 12 •ryU 
Z is one of C-R$, orC-R7; 
R$ is selected from the group consisting of 
hydrogen, 

10 Cj^ hydroxyalkyl, 

Cj_g dihydroxyalkyl, 
aquaricacid, 
C|.|5 aDcyl squarate, 
C M alkyl, 

15 acyl of the formula -C(R)=0, wherein R is selected from the group consisting of 

njarogen, 
Ci^alkyl, 
Cl-8 hycn>xyalkyl t 
aquaric acid 

20 C 1.4 alkyl squarate, 

alkoxyalkyl, 
ecyloxyalkyl and 
amino which may be unsubstiuited or mono- 
or di-subsntnled with 
25 alkyl. C^g cydoalkyl, C\jg acyl, 

C|^ trifhxroacyl, Oj.\2 araDcyl or C$.12 «yl; 
a gram of the formula -C(OR)«=0, wherein R is selected from the group consisting of 
hydrogen* 
C^galkyi, 

30 Cevnwyi. 

C7.12 aralkyl; and 

a group of the formula -CH2C(0R)=O, wherein R is selected from the group 
consisting of 

hydrogen, 

35 straight or branched Cj_g alkyl, and 

amino which may be unsubstituted 
or mono- or di-substituted with 
C^g alkyl, C3.8 cydoalkyl, q.g acyl, 
trifluoroacyl, C7.12 «ralkyl or C^.^ 
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A 5 or 6 numbered aromatic or non aromatic heterocycle containing one or more heteroatoms 
selected from the group consisting of O f S, N, NO, and NH; said heterocycle being optionally 
substituted with one or more halogens, hydroxy, Cj.g alkoxy, alkyl, hydroxyalkyl, 
5 amino, which may be imsubsnhited or mono- or duni hwtihtf ffd by C 1-4 alkyl, C3.5 cycloalkyl, 

Cj.g acyl, trifluoroacyl, "X 1 * M* 0 *^ 

R 7 is selected from the group consi s ti ng of 
hydrogen, 
10 fluorine, 
C M alkyl 
C1.4 alkoxy, 
cyano, 

acyl of the formula -C(R)=0, wherein R is selected from the group consisting of 
15 hydrogen, 
Cj.g alkyl, 
Cj_g hydroxyalkyl, 
C^acyloxyalkyl, 



20 cyano, 

a group of the formula -C(OR)«=0, wherem R is selected from the group c onsis t in g of 

hydrogen, 
Ci. 8 alkyl, 

C6-12 

25 Cj^alkenyl; 

R5 and Rg are independently selected from the group consisting of 

hydrogen, 

halogen, 

hydroxyl, 
30 C|.g alkoxy, 

C2-8 acetylenyl, 

C2.g alkenyl, 

cyano, 

a group of the formula -OC(R) = O, wherein R is selected from the group consisting of 
35 hydrogen, and 

C^g alkyl; 

acyl of the formula -C(R)=0, wherein R is selected from the group consisting of 
hydrogen, 
thiol, 
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Cj.galkyl, 

C|.g hydroxyalkyl, 



10 



15 



20 



25 



30 



a group of the formula -C(OR)=0, wherein R is selected from the group consisting of 
hydrogen, glucosamine^ 



wherein 

Rn and R|0 are independently selected from the group consisting of 
hydrogen, 
fluorine, 
chlorine, 
bydroxyl, 
ajnino, and 
trifluoroacetamido; 

Rjj selected from the group consisting of 

amino which may be unsubstituted or mono-or di-substituted with Cj.g 
acetoxy, C w alkyl, C M cycloalkyl, C2.gacyl, 
trifhwroacyl, €7.22 aralkyl or •Oft 
morpholino, 

cyano substituted morpholino, 

mono-, di- 9 tri-, or tetra-metboxy substituted 

morpholino, 

bydroxyl, 

mono or dialkylated amino with 1 to 16 carbons, 
Ci_g alkoxyl, 

a group of the formula NH(CH2)nCH(OR)2 wherein R is mdependenUy selected from 
the group consisting of Cj.g alkyl, Ci_g acyl or C 7 . 12 aroyl and wherein n is 1 to 5; 
chloroalkylnitrosoureido of the formula • 
^(00^0x012)00120 wherein n is 0 to 4, 
NH(CH2>2 OOtyOA^, 
fluorine; and 



q-galkyl. 



and a saccharide of formula 



O 
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.10 



15 



R|2 is selected from the group consisting of 

hydroxyl or its tetrshydropyranyl ether, 
halogen, 

mono or oligosmechuide selected from the group consisting of from rhodosamine, 
cmerulose-B, L<inenilose, D-cinenilose, cinerulose A, amicetose, aculose, rednose, 
ifaodinose, 2-deoxyfucose, ea imns a minr ; 
and 

tnfluoiDacetyldaunosamine, 



trifluofoacetiunido, 
mono or dimethylated amino, 
alkoxy, 



p»fiteobenzDate t 
cfekxoaltymitraourea, 



trifioofoacetoxy. 



20 



3. A 



of the formula 



R, X, Rg 




or 



?i ?e 




*2 *6 



12 



25 



30 



X] and X2 we independently selected from the group consisting of 
0, sad 

NH; 

X3 is selected from the group consisting of 
0, 
S. 

SO, and 

NO; 

X4 is selected from the group consisting of CQ, N, sad NO, 
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Rj, R2, R3, and Q are independently selected from the group consisting of 
hydrogen, 
hydroxy, 
methoxy, 

5 aminoeuylaniiiioethaiiol 

chloroalkyliiitroeoureido of the formula 
NHtCONCNOXCH^^Cl, wherein n is 0 to 2, 
amino, and 
10 fluorine; 

Z is one of C-R$ or C-R7; 
R^ is selected from the group consisting of 
C M alkyl, 
Cj.4 hydroxyalkyl, 
15 C}^ dihydroxyalkyl, 

acyl of the formula -C(R)»0, wherein R is selected from the group consisting of 
methyl, 

hydraxyinethyl, 
acyloxymethyl and 
20 amino; 

a group of the formula -C(OR)=0, wherein R is selected from the group consisting of 
hydrogen, 
methyl and 
ethyl; 

25 a group of the formula -CH 2 C(OR)=O t wherein R is selected from the group 

consisting of 

hydrogen, 
methyl and 
ethyl; 

30 

A 5 or 6 membered aromatic or non aromatic heterocycle containing one or more heteroatoms 
selected from the group consisting of O.S, N, NO, snd NH said heterocycle being optionally 
substituted with one or more halogens, hydroxy, alkoxy, C 1-4 alkyl, hydroxyalkyl, 
aniino which may be imfmfrfrtfo*~* or mono- or disu b sti tut ed by methyl, cyclopropyl, C2-8 acyl, 
35 and hydroxy; 

R7 is selected from the group consisting of 
hydrogen, 
fluorine, 
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10 



15 



25 



methyl, 

methoxy, 

cyan* 

acyl of the formula -C(R)-0, wherein R is selected from me group consisting of 

hydrogen, 

C^alkyl, 

Cj.g hydioxyalkyl, 



cyano, 

a group of the formula -C(OR)=0 f wherein R is selected from the group rami sting of 
hydrogen, 
q.salkyl, 

C6_i2«yU 
Cm alkenyl; 

R5 and Kg are independently selected from the group consisting of 
hydrogen. 



halogen, 

hydroxy, 

20 methoxy, 
cyano. 



acetyl and 

a saccharide of formula 



wherein 

R9 and R|Q are independently selected from the group consisting of 
30 hydrogen, 

fluorine, and 

R is selected from the group c onsi s t i ng of 
hydroxyl, 
35 acetoxy, 
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trifltmoacetaniido, 

POiphoUlK), 

cyano substituted morpholmo, 
5 mono-, di- f tri-, or tetra-methoxy substituted 

morpholino, 

a group of the formula NHCCH^CHCOR^ wherein R is selected from the group 
consisting of alkyl acyl or C 7 .g aroyl and wherein n is 2 to 5, 
chloroalkytatroaoweido of the formula NHCCO^fNOXCH^CE^Cl, wherein n is 0 
10 to 4, 

^(0)2)0012)012^(0^; and 

R|2 is selected from the group consisting of 

hydroxyl or its tetrahydropyranyl ether, 

15 



p-nitrobenzoate, 



trifiuofDscetamido, 
20 cUcvoethyhutiDsoiirado, 
fluorine, and 



25 

4. A c o mpoun d according to claim 1, wherein 

Xj and X2 are both oxygen; 

X 3 is 

0, or 

30 S; 

X4 is selected from the group consisting of N, NO, or CQ; 

Rj, R2, R3 and Q are each independently selected from the group consisting of hydrogen, 
fluorine, and hydroxyl; 
Z is one of C-R^ or C-R7; 
35 R^ is selected from the group consisting of 

methyl, 

rfhyl, 

hydrraymethyl, 
1,2 dihydroxyethyl, 
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•cyl of the formula -C(R) = O, wherein R is selected from the group consisting of 
methyl, fluoromethyl, difluoromethyl, 
hydroxymethyl, 
acetoxymethyl, end 
5 bromornethyl; 

A 5 or 6 mernbered aromatic or non aromatic heterocycie containing one or more heteroatoms 
selected from the group consisting of O, S, N, NH, said heterocycie being optionally substituted 
with one or more fluorine, hydroxy, methoxy, methyl, hydroxymethyl, amino and acylamino 
10 groups. 

R7 is selected from the group consisting of 
hydrogen* 
fluorine, 
methyl, and 
cyano, 

R5 and Rg are independently selected from the group consisting of 
hydrogen, 
hydroxyl, 
bromine, 
chlorine, 
cyano, 
acetate, 
acetyl, and 

a — ™»**TiH« of the formula 



I 

O 




wherein 

30 R9 and Rjq are independently selected from the group consisting of 

hydrogen, 
fluorine, and 
iodine 

35 Rji is selected from the group consisting of 

ammo, 
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hydroxy, 

diinethylamino, 

acetoxy, 

trifluoraacetamido, 
5 morpholino, 

cyano substituted morpholino, 
methoxymorpholino and 

a group of the formula NHCCH^CHfOR^ wherein R is selected from a group 
consisting of methyl, Cj.g acyl or benzoyl and wherein n is 3 to 5, chloroalkylnitroaourcido of 
10 the formuU NHCCO^CNOXC^C^Cl, wherein n is 0 to 4, and NH(OT 2 )Oai2CH(OA c )2 

R|2 ** hydroxyl or iodine. 



35 



15 5. A comp o un d according to claim 1 wherein ; 

X| and X2 are both oxygen; 
X3 is O v or S; 
X4-CQ: 

R2 and R3 are both hydrogen; 
20 Rj and Q are independently selected from the group consisting of hydrogen, fluorine, and 

nyuiu&yi, 

Z ai one of C-Rg or C-R7; 

R$ it seiaotad from the group consisting of 

ethyl. 

25 ajitiuij— rtiyU 

acyl of Ian foraauk -C(R)«0, wherein R is selected from the group consisting of 
methyl, fWiuwotfayl t difluoromethyl, 
nyaiDxynwQrjrit 
30 R7 is hydrogen; 

R5 and Rg are independently selected from the group consisting of 

hydrogen, 

hydroxyl and 

acetyl. 



6. A ^ iwp""*** according to claim 1 wherein : 
Xj and X2 are both oxygen; 
X3 is O, or S; 
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X4 is CQ, 

R 2 and R3 are both hydrogen; 

Rj and Q are mdepcodeatly selected from the group consisting of hydrogen, fluorine, and 
hydroxyl; 

5 Z isooeof C-R$ or C-R7; 

R$ is selected from the group consisting of 
ethyl, 

hydroxymethyl, 

l,2^iihydroxyothyl, 
10 carbonyl squarate, and 

acyl of the formula -C(R) «0, wherein R is selected from the group co nma ti n g of 

methyl, 

fluoromethyl, 

difluoromemyU and 
15 hydroxymethyl; 

R 7 is selected from the group consisti ng of 

hydrogen, 

methyl, 

or fluorine, 

20 R5 and Rg are independently selected from the group consisting of 

hydrogen, 

hydroxyl, 

bromine, 

chlorine, 
25 cyano, 



acetyl and 

a saccharide of the formula 

1 

*« Rio 

30 wherein 

R9 and Rja are independently selected from the group consisting of 
hydrogen, 
fluorine, and 
iodine 

35 Ru is selected from the group consisting of 

hydroxyl, 
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acetoxy, 



20 



25 



dimemylainino, 
triftaoroacrfamtdo, 
5 inorpholino, 

cyano substituted morpholino, 
metfaoxyinotpha1ino > 

R^2 is selected from the group consisting of 
10 acetoxy, 
hydroxyl, 
hydrogen, and 
iodine, 

with the proviso that at least one of R5 and Rg is saccharide; 

15 



7. A compound according to Claim 5 wherein R5 is hydrogen; 



8. A compound according to Claim 5 wherein R5 is hydroxyl; 



9. A compound according to Claim 4 wherein bom R5 and Rg are independently a saccharide of 
30 the tbrnmla: 

I 



R12 R, 0 



wherein 

35 Ra> and Rjq are independently selected from 

hydrogen, 
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fluorine, and 
" iodine; 

R|2 is selected from 



diinemylainino 
agunoniuin chloride, 
trifliioroacetamido, 
morpholino, 

10 cyano substituted morpholino, 

methoxy morpholino, and 

R j2 is selected from the group consisting of 
hydrogen, 

IS hydroxy!, 
iodine, end 
scetoxy; 



10. A compound according to claim 6 wherein one of R5 nod Rg is 



25 1L A according to claim 9 wherein Rjj is selected from the group consisting of 

faydroxyU ammo* and trifluoroacetarrrido; 



12. A compound according to claim 10 wherein Rjj is selected from the group consisting of 
30 hydraxyU amino, and trifluotoaceounido; 



13. A compound according to claim 3 wherein X3 is oxygen; 



14. A compound according to claim 3 wherein X3 is sulfur, 
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15. A compound according to Claim 13 wherein both R5 and Rg are independently saccharide; 



16. A confound according to claim 13 wherein one of R5 and Rg is 
Barrharidr 



17« A compimnd according to Claim 14 wherein both R5 and Rg are independently ffrr haiitl r; 

18. A compound according to claim 10 wherein one of R5 and Rg is 

ffflffharid g. 

19* A compoun d according to claim 12 wherein Rg is hydrogen. 

20. A compound accordmg to claim 13 wherein Rg is hydrogen. 

21. A compound accordmg to claim 14wherein Rg is hydrogen. 

22. A compound according to claim 15 wherein Rg is hydrogen. 

23. A compound according to claim 16 wherein Rg is hydrogen. 

24. A compound according to claim 17 wherein Rg is hydrogen. 

25. A compound according to claim 18 wherein Rg is hydrogen. 



30 26. A compound according to claim 1, wherein X3 is 0 or 5; and 

Z is one of C-R$ or C-R7. 

27. A compound according to claim 26, wherein X3 is O; and R5 is methoxy or 3- 
(tetraethyl-3,3-bis phosphoric ester) propriamido- 

35 2-ylethoxy. 

28. A compound according to claim 3 wherein X3 is O or S; and Z is one of C-R^ or C-R7. 

29. A compound according to claim 28 wherein X3 is O; and R5 is methoxy or 3- 
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(tetraethyl-3,3-bis pho w p h ooi c ester) propriftmido-2-yl etfaoxy. 

30. A c ompoun d according to cUim 1 selected from the group consisting of 

5 Methyl (5,10^oxo-3,4,5,104etnrtiydioi^ [2,3-C] pyran-3-yl) ketone (BCH- 

1125); 

Methyl (7-hydroxy-5,UMuoxo-3,4£^^ [2,3-C] pynm-3-yl) ketone 

(BCH-1129); 

Methyl (64rydroxy-5 ,10-dioxo-3,4,5 ,l(Metr*hydjonaphtho [2,3-C] pyran-3-yl) ketone; 
10 Monoftwranetiiyl (5,!(><Iibxo-3,44,104e^^ [2,3-C] pyran-3-yl) ketone; 

Biomomethyl (5,104k»^ ketone; 
2^4,-Hydroxy-l\2\-<iioxo-3 , - cyclobutenoxy] methyl (5,10- dioxo-3,4,5,10- 
tetndiydrooaphtho [2,3-C] pyran-3-yl) ketone; 

Tiana-3-acetc-l-inethoxy-^ and cifi-3- 

15 aceto-l-fnethoxy-l^,3,4-tet«hydx^ 

ci*-3-ece*o-l-*iiethoxy-l,2,3,4^ aiithraccne-5,10-dtone and 

tno^3-«cflto-l-inethoxy-l ,2,3,4-tetiahydio-<24hia) «nthfaoene-5,10<iiooe; 

ammothiaxolylW [23-CJ pyran; 

20 (l , S,lR3S)-l^\3\6 , ^deoxy-3 , -«mii»o-L4yxo^ 

ainiiiothiaxolyl)-5,10-diox^ [2,3-C] pynm 

Methyl (l-nydroxy-5, 10-dioxo-3 ,4,5, 10-tetrahydroiiephtho [2,3-C] py»n-3-yl) ketone 

(BCH-1148); 

tnma-3-etteto-14ydn>xy-l,2,3,4-^^ anthracene-5, 10-dione and cis-3- 

25 eoeto-14iydTOxy-l A3,4-tetrahydro-^ snthraccnc-5,10^dione; 

1'S,1S,3R methyl (5,S-dioxo-l<2 ^\6 -trideoxy-3'-trmuo 
nitrobenzoyH^yxohcxop^ tetrahydrobenxo [2,3-C] pyran-3-yI) 



1'S,1R,3S methyl (5,8^oxo*l-(2'3\6*-trideoxy-3'-<rifiuo^ 
30 nitfol»zoyl-I^yxohcxopyrino8e)-3,4,5, 104edriydrobenzo [2,3-C] pyxmn-3-yl) 



(rS,lS^R) methyl (5,Wimetlioxy-lKr,3\4^^^ 
Lyxohexo-pyiaiiro)^ [2,3-C] tfaiopyran-3-yI); 

(rS,lR,3S) methyl (5,*dimetlKay-l-(2\3\^^ 
35 Lyxohexopyranose)-3,4,-^ [2,3-C] thiopynn-3-yl); 

(rS,lS,3R) methyl <5,*dmiethoxy-W 

Uyxoh«xopyi«no8e>-3,4,^ydroben20 [2,3-C] thiopyran-3-yl) ketone; 
(1'S,1R,3S) methyl (5,^duiie^xy-l^\3%4%6 , -tetimd» 
L4yxohexopynno8e>*3,4^,8 t tetnmydrobenzo [2,3-C] thiopyran-3-yl) ketone; 
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VS P IS, 3R- Methyl (S^OHtexo-lKT^^-ttideoxy^ 

nitrobenxoyW^lyxonnxopyiin^ [2,3-CJ pyian-3-yl) 

ketone; 

I'S, 1R, 3S- Methyl (540^^1K2\3\6 , ^iideoxy-3 , Hrifhion>ice^ 
nitxobeazoyl-I^lyxQhexopyriDoee^ [2 t 3-C] pynm-3-yI) 

ketone; 

I'S, 1R, 3S Methyl (5 t 10KhoxcHlK2\3\6'^deoxy-3 , ^rifluoio«t«im 
nitiobenioyl-I^lyxohfixopymweeVT^iydroxy-a^^t lCMetnhydnnuphtho [2,3-C] 
pynn-3-yl) ketone; 

l'S, IS, 3R Methyl (5,10^oxo-l^\3\6 , ^deoxyO , -trifluoroecetam 
nitiobenzoyl-I^lyxoliexopyxBiK^ - 3A5,10-tetnAydroMphiho [23-Q 

pyran-3-yl) ketone; 

(rSJS,3R>Bfon»metfayl (540^oxo-l^\3\6'-trideoxy^ # ^P^tiDben» 
trifluoroecetsmiik)^^^ [2,3-C] pyrtn-3- 

yi) ketone; 

(rS4R,3S>Bronwinethyl (S^Mioxo^'^'^ricieoxy^ 
trifluonmtunid^ [2,3-C] pyran-3- 

yl) ketone; 

(1'S,1S,3R) -244 , 4iydroxy-l\2 , siioxo-3 , <ydobutenoxy] methyl (5,10-dioxo-l- 

P"»3" > 6"^ride«ty^*'Oi wti obe fl aDyM 

3,44,10-tedriydrcnaphtho [2,3,C] pynm-3-yI) ketone; 

(1'S,1R,3S) ^^'^ydroxy-r J'-dioxo-3 , ^dobutenoxy] methyl (5 v 10-dioxo-l- 

[2%3\6°-tridMxy4"-OiMiitio^ 

3 f 4^ JO-tetr^ydroojphtho [2 t 3,C] pynm-3-yl) ketone; 

(rS t lR^SH^ t J\6 , -qi<fcoxy^ , <^ 
lyxoc«xopyxiDnee>-3H24mmx)eeet^ 

[2,3^-pynn; 

(l'S, 1R, 3S)-l^ , ^\6'-tria>oxy^ , -0^troben» 
lyxchexopyiiiM>ec)-3^-«^ l(Wioxo-3 f 4,5,10^etfihydro-lH- 
iuptaho-(2,3-C}-pyntti; 

(l v S4R,3S)-l^ v 3\6 > -trid>oxy-3 , -trilliioto^ 

lyxohexopyi*noee)-3^-ex»-3-^^ 

napojaio^3-Chpynm; 

(1 , S4S3RMK2\3 , * , *ri<toy^'-p-nfc^^ 

lyxofaesopymno^ P> 
Qpynm; 

(l f S4S,3RH^%3'^ , ^a>oxy^ , -Oiwtiobenaoyl-3 , ^ri 

]y 1 ^**f^ n ™)~%jp-»-T+-\-.n+t* mt A n y<i t irudinTo-3 T 4 r S r lO-tetrahydro-lH-naphtho- 
P,3-Chpynn; 
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(rS.lR,3$) mediyl (H2%3\6MriQ^y-3'-trifluoT o e ^ 

iyxohexo^ynncne]-5 f l(^oxo-3 t 4 f 540-tetr^ydro-7-niethyI^-«za naphtho [2,3-C] 
pynn-3-yl ketone; 

(1*S,1S,3R) methyl (142 , t 3\6 , ^ridcoxy-3 , -trifluon)M^ 

lyxot>exo-pyrano6e]-5, 10^xo-3»4 r 54CMctr^ydfo-7-mediyl-9^ naphtho [2,3-C] 

pyiu-3-yl ketone; 

(rs,lR f 3S>niemyl-l^\6 , <<y^^ 

lyxohexopyru»oee)-5, lO-dioxo-3,4,5, 104etrahyorauphtho [2,3-C] pyran-3-yI) 
ketone; 

(l%lS,3R>m9®yM^\6 , Hlid^ 

5,l(MIkuo-3 t 4£,lC>-teti^ [2,3-C] pynn-3-yI) ketone; 

(l'S, 1R, 3R)-5,10^xo-3^yl-l^\3\4\6 , *eti»o^ 
lyxobexopyiMiose)^^^ [2,3-C] pyrin; 

(l'S, IS, 3S)-5,lMioxo-3^yM-a\3\4^ 
lyx0uexopynu>oee>3,4^ 

(1'S,1S,3R) methyl (5,Wioxo-l-<r,3\ 4\6'*etmleoxy-3\4^diac^ 
lyxohexopyrenoee)^^, 10^etrahydn»aphtho [2,3-C] tbiopyim-3-yl) ketone; 
(rS,lR,3S) methyl (5 f Wioxo-l-(2\3\ 4\6'*et»o^y-3\4^diece^^ 
|yxooexc>pyiwioee>3^ [2,3-C] flnopynm-3-yI) ketone; 

l'S, 1R, 3S Methyl (54&-aroo-lK2\3\6'*id^^ 
Uyxohexopyraoo6e>-3,4^, ICMeti^ [2,3-C] pyiu-3-yl) ketone; 

l'S, 1R, 3S Methyl (SJMwxo-l-P^^^oto 
lyxohexopyranoee)-3,4^, 10-tetra^ [2,3-C] pyran-3-yl) ketone; 

l'S, IS, 3R Methyl (SaOHttoxo-l-C^^'-tri^ 

hyd^y-I^yxonexopyrmoae)- 3,4,5, 10-teti^yaiociiphiho [2,3-C] pynm-3-yl) ketone; 
rS, IS, 3R Methyl P.lMkixo-l^S^'^rio^y^ 
Iyxc)hexopyr«noee)-3,4^ [2,3-C] pyran-3-yl) ketone; 

l'S, 1R, 3S Methyl (5,10tfoxo-l-<2\3\6'-tridwy-3'^^^ 
lyxohexopyriaoee>7-hyaiOTy - 3,4,5, 10-tet«hydro [2,3-C] pyi*n-3-yl) ketone; 
l'S, 1R, 3S Methyl (54<Mioxo-l<2\3\6'^deoxy-3'- «miK>-l^yxohexopyTinoee)-7- 
hydroxy-3,4,5,104etrahydro [2,3-C] pyim-3-yl) ketone; 
(1'S,1S,3R) methyl (5a0^oxo-lK2\3\6 , -oideoxy-3 , -aifli^ 
lyxoaexopynmooeH-hydtoxy * 3,4,5,10-tetnhydro [2,3-C] pynu-3-yl) ketone; 
(1'S,1S,3R) methyl (5,lO^oxo-l^\3\6'^ride0xy-3'- «niiK>-I^ryxohexopy^^ 
hydroxy- 3,4,5,10- tetnhydro [2,3-C] pynm-3-yI) ketone; 
(rs,lR,3SH^%3\6'^deoxy-3'4riiTii^^ 

X^f^Airti^Tn lyl)-^, IfWiinx^ d 10-tetrnhydrtvlH-n^htho [2,3-C] pyiMi; 

(l*S,lR,3S)-l-(2\3\6 , -trideoxy-3 , -rifluotoy^gm 

3-*oetumdotbiazol)-5,10^^ [2,3-C] pyran; 
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(l a S4S 9 3R)-l^ , ^\6 , -«rideoxy-3 v ^rillixmMcetum^ 
3-«cttiiiudo-tbiizolyl)-5,10^^ 
(rS,lS 9 3RHK2\3\6'^deoxy-3'-aifluoroA^^ 
3-«miiiothiizolyl)-5 9 10^ 

(1*S,1R^S) Me4hyl(l<2\3\6'-<rideoxyO , -ein^ 

3,4,5, 10-tetiihydio-7-nie^ ketone; 

(1'S,1S,3R) Methyl(lK2\3%6 < 4ridmxy-3'*i^^ 

3,4,5, lO-tetnmydro-7-flic^ ketone; 

(I'S.UUS) meuVl-l^\3\6 > -tri4eox^^ 

lyxohexopynmo*e)-5, lO-dioxo-3,4,5, 10-tetnhydW7-mBthy}-9-«za ntphtho [2,3-C] 
pyran-3-yl) ketone; 

(1'S,1S V 3R) rflethyKl-^^'-aicieox^^^ 

lyxohcxopyrino8e)-5, 10^oxo-3 > 4^40-totnhydro-7-ixiethyl-9-ftZi nxphtho [2,3-C] 
pyim-3-yI) ketone; 

(l'S 9 UU3R) -lH2\6 f Hlideoxy-Wyxol^ 

teUihydmniphtfao [2,3-C] pyrin; 

(1 *S,1S3S) -l-^'-dideoxy-Uyxoliexq 

letrihydroniphtho [2,3-C] pyrin; 

(l'S. UL3R) •l^\3%6'-oideoxy-3 , -«miK>-L4yx^ 

3,4,5, 10-tetrihydroniphtho [2,3-C] pyrin; 

(TMS4S) -l-a'^e'^rtfeoxy^'-eim^ 

3,4,5, KMetnhydmnjphtho [2,3-C] pyrin; 

(1*S,UU3R) -l-<2' 9 3\6 , -4rideoxy-3^«iu^ or 9- 

■ydraxy *3^y^3,4^,104en^ydroninhtho [2,3-C] pyrin; 

-l-a , 9 3\6 > 4rideoxy-3'-«mm^^ or 9- 

hydroxy -Vetnyl-3,4,5, lO^en^ydraniphtho [2,3-C] pyrm; 

(TS.IRJR) -l-a\3\6'-tndeoxy^'-*m^^ 9- 
fkydray *3-otoyl*3,4 9 5 9 l(Meliihydnxiaplaho [2,3-C] pyrm; 

(1%1SJS) •l<2 c 9 3\6 > -oSdeoxy-3'«niao-I^^^ 9- 
dtfcydroxy -3^yl-3.4 9 5,10^en^ydrattiphdio [2,3-C] pyrin; 
(rS^UUR) -l-a^'^'-trideoxy^'- imino^Hodo-l^lyxooe^ 
or 9-hydroxy -3-ethyl-3 f 44. 10-tetr^ydroniphtho [2,3-C] pynm; 
(1'S,1S3S) -l-a' t 3\6 f -trideoxy-3'- imino-2 t -k>do-L4yxohexopyr^^ 
or 9-hydroxy -3-ethyl-3,4,5, lO^etr^ydrooiphtho [2,3-C] pyrin; 
(1'S 9 1R 9 3R) -lK2\3\6'-4rideoxy-3'4rifluoro^ 
dioxo-6 or 9-hydroxy *3*ettiyl-3 > 4 9 5 y l(Metrihydroniphtho [2,3-C] pyrin; 
(rS 9 lS,3S) -!-<2\3%6Mrideoxy4 < -4rifliioro^ 
dioxo-6 or 9-hydroxy -3^yl-3 A540-tctrihydroruphtho [2,3-C] pynm; 
(rSJR^S) Me4hyl(l^\3\6'-trideoxy-3'«4rai^ 
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dioxo-6 or 9-nydroxy-3,4,5» lO-tetrahydnxiaphtho [2,3-C] pyran-3-yI) ketone; 

(l v S t lS v 3R) MeAyl(lK2\3\6'^rib^xy-3 , -Miiino-2 , -io^ 

dioxo-6 or 9*ydioxy-3,4,5,10-tetrahydroiiaphto [2,3-C] pyran-3-yl) ketone; 

(1'S,1R,3S) Methyl(IK2\3\6'-trideoxyO t -«imiK>-W 
5 cr9^ydroxy-3,4,5,104etfahya^^ 

0*S,1S,3R) Methyl(l-(2\3\6Mridtoy-3^«i^ 

or 9-faydroxy-3,4,5, 10-tetnhydronaphtho [2,3-C] pynn-3-yl) ketone; 

(l'S f lRt3S) MethyI(lK2\3\6'4rideoxy-3*H«iiiiic>-W 

9-dihydroxy-3,4,5, lOHetrahydronaphtho [2,3-C] pyran-3-yI) ketone; 
10 (1'S,1S,3R) MetayKl-^S^^oTdeoxy-S'-en^ 

9-dftydrc*y~3,4£,10»^ [2,3-C] pyran-3-yl) ketone; 

(1'S,1R3S) Meithyl(lK2'3\6 f -trideoxy-3 f -trifluoroe^^ 

5 t 10-dsoxo-6 or 94jydboxy-3,4 t 540-tetrahydro!yq)hfeo [2,3-C] pyran-3-yl) ketone; 

(l*S f lS t 3R) MeuiyKlK2'»3\6*«trideoxy-3*^rliiofOftce^ 
15 5»10-dk>xo-6 or 9-hydroxy-3,4,5, 10-tetrahydronaphtho [2,3-C] pyian-3-yl) ketone; 

(rS,lR,3S) Methyl(l-<2\3\6 , -trideoxy-3^ 

5,10-dioxo-6, 9-dihydroxy-3 ,4,5, 10-tetrahydroiiaphtho [2,3-C] pyran-3-yl) ketone; 

(1'S,1S,3R) MethyUl^\3\6'-aideoxy-3'^fluofoacet^ 

5,10-dioxo-6, 9-dihydroxy-3,4,5, l(Metrahydmnaphtho [2,3-C] pyran-3-yl) ketone; 
20 (l'S,lRt3S) Methyl(l^\3\6*-tridooxy-3 , -«mmo or trmuoroaceUinido-2 , -k)do-L- 

ryxohexopyT»ooae)-5, lQ^dioxo-3,4,5, 10-tetrahydronaphtho [2*3-01 pywn-3-yl) ketone; 

(1'S,1S,3R) Meni)1(l-(2\3\6 , -trideoxyO v Huiimo or trifli*>roaceUm^^ 

ryxohexopyranose)-5, lO-dioxo-3,4,5, 10-tetrahydronaphtfao [2,3-C] pyran-3-yl) ketone; 

(1'S,1R,3R) Methyl(l^'3\6 > -trideoxy-3'-«niino or oifluoroacetuiiMk^2 t 4ooo-L* 
25 ryxohexopynmoee)-5, 10-dioxo-3-etfayl-3,4,5, 10-tetrahydrotiaphtho [2^-C] pynn-3-yl) 



35 



(rS,lS,3S) MethyKl^%3\6'-4rideoxy-3*-«mino or trifluoroac»timido-2 , -iodo-L* 
tyxonexopyranose>-5, 10-dioxo-3-ethyl-3,4,5, lO^etribydronaphtbo [2,3-C] pyran-3-yl) 



30 (l'S,lS,3RH^\3%6'^0>oxy~3'-«jnii^^ 

■ttiintlii^nlyl)-^, IfWiirwiw^d,*, 1 fUf^Ky/irrw 1 Hwfplt thn [2,3-C] pyitt; 

(l'S 9 UU3SHK2\3%6 t -trideoxy-3'HunmcHl^ 

■iitiiw^hia-mlyl)-^ lO-tMrnhydrrwIH-fittphthri [2,3-C] pyiUI 



31* A compound according to claim 1 selected from the group consisting of 

Methyl (5,10kUoxo-3,4^ JO-tetrahydronaphtho [2,3-C] pyran-3-yl) ketone (BCH- 
1125); 
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Methyl (74ydraxy-5^04iaxcK3^ [2,3-C] pyran-3-yl) ketone 

(BCH-1129); 

Methyl (6-hydroxy-5, lO^oxo-3,4,5, 10-tetnhydranaphtho [2,3-C] pynn-3-yl) ketone; 
Mooofluonnnethyl (540-d^o-3,4 f 540-te^ydn>Mphlho [2,3-C] pyrmn-3-yl) ketone; 
Bramomethyl (5, lO-dioxo-5, 10-dihydroo*phiho [2,3-C] pyran-3-yI) ketone; 
244rHydmxy*l v 9 2' 9 -dioxo-3 ( - cydobutenoxy] methyl (5,10- dioxo-3,4,5,10- 
tetnhydmmphthn [2,3-C] pyran-3-yl) ketone; 

TfBns-3-aceto~l-niethoxy-l,2,3 t 4-tetr^^ 10-dione and cis-3- 

aceto-l-methoxy-1,2,3 ,4-tcd^ydn><2-thii)«nthTaocnp-5, 10-diooe; 
cis-3-tceto-l-methcxy-l,2 f 3,4-tetiriyd^ anthrscene-5, 10-dione and 

oin&-3-«ceto-lHneattxy-l,2,3, snthrsceoe-5, 10-diooe; 

(l , S t lS,3R)-l-<2\3\6 , -trideoxy-3 , -«iiiiK)-W>Ti 

amiiiothiazDlyl)-5 t 104k>xc^3,^^ [2,3-C] pyrin; 

U v S,lR3^K2',3 l l 6^tridBm^ 

immniiiiifniyi).^, lO-dioxo-3,4,5, 10-teti^ydro-lH-Mphiho [2,3-C] pyran 

A dwnKHnut according to claim I j e l ect ed from the groin) consisting of 

Methyl (l^iydioxy-5,104ioxo-3,4,5,10-ten^ [2£-C] pyian-3-yl) ketone 

(BCH-1148); 

trans-3-«oeto-14ydroxy-l,2,3,4-tetr^ anthracene-5,10-dione and cis-3- 

aceto-l-hydroxy-1 ,2,3,4-tetiahydro-(2-thia) anthxacene-5, 10-dione; 

A compound acoosding to claim 1 selected from the group consisting of 
rS,lS,3R methyl (5,8-dioMHlK2\3\6'4rideoxy-^^ 

nitioben2Dyl-L-l3rxohexopyzaziose>-3,44, 10- tetnhydrobenzo ' [2,3-C] pyran-3-yl) 
ketone; 

rS,lR,3S methyl (5,Wioxo-l-a*4\6'-trideoxy-3 , -oi 

nitrobeoxoyl-L4yxohexopyra [2,3-C] pyran-3-yl) 

ketone; 

(l'S f lS3R) methyl (5,WimethDxy-l^\3\4\6'^at^^ 
Lyxohexo-pyranofle)-3,4,-dihydrobenzo [2J-C] thiopyran-3~yl); 
(1*S,1R,3S) methyl (5 > 8-dune6^y-l-C2\3\4\6'-tetmto 
Lyxooexopyranoee)-3 ,4,-dihydrobenzD [23-C] thiopyran-3-yi); 
(l*S,iS,3R) methyl (5,8-diinethoxy-l-<2\3\4\6 , -trfrade^ 
L-tyxofcexopyrsno6e)-3 ,4,-dihydrobenzo [2,3-C] thiopyrmn-3-yl) ketone; 
(rS.lR.3S) methyl (5,8-din>ethoxy-I-a\3^^^^^ 

L-tyxohexopyranose)-3,4,5,8, tetrahydrobenzo [2,3-C] tiriopyran-3-yl) ketone; 

A compound according to claim 1 selected from die group consisting of 
l'S, IS, 3R- Methyl (540^oxo-l<2\3%6 > -trideoxy-3 v -trifluoro«^ 
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MtrobenaDyl^lyxobexopyiw^ [2,3-C] pyi»n-3-yl) 

ketone; 

l'S, 1R, 3S- Methyl (5,l<Miioxo-l^\3\6 t -tridera^ 

mtribwoyl-lAyxctoopyni^yiAfS, 10-tetxmhydronaphtho [W-C] pyran-3-yl) 
5 ketone; 

l'S, 1R, 3S Methyl (540^oxo-l^\3\6 , ^deoxy-3 , -triflttoweeet^tt^ 
mtobenaaoyM^yxohexc©^ [2,3-C] 
pynn-3-yI) ketone; 

l'S, IS, 3R Methyl (5,10Hlioxo-l^\3\6 , ^riaeOTy-3 , -«rifliiofoe^ 
10 mtiobenzDyI-Wyxob« - 3,4^J(Metyshydron«|Atho [2,3-C] 

pyiBB-3-yl) ketone; 

(rS,lS,3R>-Bromoinothyl (S.lOHhoxo-l^'^^'-trideoxy^-O^^ 
trifluwoKseoumfl^ P,3-C] pynn-3- 

yDketone; 

15 (rS,UUS>-BnnnoinDthyl (5;104kKO-l^*3\6'4riito 

triflaoffoteetamick>-L4yxoo^^ [2,3-C] pynm-3- 

yQktfone; 

(rS,lS3R) 444'4ydrav-rj'-di^^ methyl (5,10-dioxo-l- 

[2* 3 • ,6 •-trideoxy^'-O-p^trobenzoyl^ 
20 3^,10-tetrriydioo*phiho [23»Q] pynm-3-yl) ketone; 

(l'S,UL3S) ^'^yaroxy-r^'Khox^'H^ctobutoDOxy] methyl (5,10-dioxo-l- 

[2* ,3 * ,6 B -tekieoxy^*«<>-p-^tTobenzDyl-3 '-thfluoroecedunkk^Uyxohexopynnoeeh 

3.4 J,l(Metndiydfonaphmo [2,3, q pynm-3-yI) ketone; 

(1 *S, lR^SH<2\3\6'-trideoxy^'<>i>^^ 
25 tyxotNoupyraiiose^ 

[13-Chpymii; 

0*5, 1R, 3S>l-(2\3\6'^rideoxy^ , ^>p^troba^ 
tyxfinexop7imiioee)-3K2-e2B-3-emiix>a^ 104etnhydro-lH- 
mmhAoN(23-CH>ymn; 
30 (1 'S, lR T 3S>-l-(2 , ^ , ,6 , -trideoxy-3 -trifluoroecedunk^ 

lyi)Ohe*opyiMM»e)-3K2HU^ lO-dioxo-3,4,5, 10-totrahydro-lH- 

innhlbo42,3-Q-pyfBn; 

(1 'S, lS^RH-tf* ,3 '^'-oia>oxy^'-fHiutiofaenzDyl-3 '^fluoro^cetumdo-L- 
lyxohexopyimoM)-3K2^ [2,3- 
35 Qpynui; 

(l a S,lS^RHK2\3 , ^*-trideoxy^ t -OiMdtiobe 

lyxohexopynno6e)-3-(2-ftza-3-ecetamid\>)-5, lO-dioxo-3,4,5, lCHetr«hydn>-LH-naphtho- 
[2,3-CJ-pyran; 

(1*S,HU3S) methyl (l^^^'^deoxy-S'^fluoroicetMri^ 
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lyxohcxo-pynmo<ttJ-5, 10^oxo-3 t 4^4(Mctrahydro-7-inethyl-9-«zji niphtho [2,3-C] 
pyrm-3-yl ketone; 

(1'S»1S,3R) methyl (H2\3\6'-trideoxy«3'-triflu^^ 

lyxofae&o-pynii06e]-5 9 10-dioxo-3 9 4,5, 10-tetrahydro-7«Qietfayl-9««za mphtho [2,3-C] 

pynn-3-yl ketone; 

(l'S t lR3S)-mBfcyM-<2\6'Hiio^^ 

lyxotoopyiiiioee)-5,lCMiOT [2,3-C] pynn-3-yl) 

ketone; 

(l'S,lS,3R)-ii»Ayl-l^\6 , *Iid^ 

54CMioxo-3 f 4^4CMed^«hyd^)CJ^)ht^ [2,3-C] pynm-3-yl) ketone; 
(1'S, 1R, 3R>-5,10«dtc*o-3^yM-a\3\^ 
lyxohoxcpyni»re)-3,44J04et^ [2,3-C] pynn; 

(1*S, IS, 3S)-5,l<>^c*o-3-efflyM-<2\3\4^ 
lyxofaexopyr»iMee)-3,4,5,10^^ [2,3-C] pynn; 

(1S,1S,3R) methyl (5,*diaxo-l-C2't3', 4\6 , ^etwle«y.3\4 , -diwtoxy-I^ 
lyxonexopynmoeeV3 9 44»10-tet^ [23-C] lhicpynn-3-yI) ketone; 

(rS,lR,3S) methyl (5,Wfoxc-l-<2\3\ 4\6 , Meti^eoxy-3\4 , ^acetoxy-L- 
lyxohexopyf»noee>3,44»10-tetndi^ 

A r n irr mi,w< according to claim 1 selected from the group consisting of 
1'S, 1R, 3S Methyl (5 > lMioxo-l^ , 3\6'-triiieoxy-3 
Uyxnheixcwnnoae^ [2,3-C] pyrsa-3-yI) ketone; 

1'S, 1R, 3S Methyl (S.lMicxo-l-a^^Hrio^^ 
lyxonexc?yfw»>3,4,5,10^^ [2,3-C] pynn-3-yl) ketone; 

1'S, IS, 3R Methyl (5,HWk*xo-lKr,3\6'-to^^ 

hydrmy-L4yxotoLopyntnoee>- 3 9 4,5,l(Metrahyo>aQsrjhtho [2,3-C] pyisn-3~yl) ketone; 
1% IS, 3R Methyl (5,l&4ic^l-(2\3\6'4rideo^^ 
fyxoncaopyitaoce)-3,4,5,l<Mea^ [2,3-C] pyran-3-yl) ketone; 

1*S, 1R, 3S Methyl (5,104kno-l^\3%6'4ride^^ 
ryxohexcpyrsnoee>7-hydroxy - 3,4,5,10-tetnhydro [2,3-C] pynn-3-yl) ketone; 
1'S, 1R, 3S Methyl (5,lC«io(xo-l^%3\6 , ^iideoxy-^ 
hydroxy-3,4,5, 10-tetnhydro [2,3-C] pynn-3-yl) ketone; 
(1'S,1S,3R) methyl (SJGnlioxo-l-a'^e'-trideo^^ 
lyxohcxopyrw»»H^ydroxy - 3,4,5, lCMetrxhydro [2,3-C] pynm-3-yl) ketone; 
(1'S,1S,3R) methyl (5,10^o«o-1^^3^6 , -«rideoxy-3 , - siiiino-L4yxohexopyr«noeeH- 
hydroxy* 3,4,5,10- tetnhydro [2,3-C] pyrsn-3-yl) ketone; 
(rS,lR,3S)-l-(2\3\6 , ^iidcoxy-3 , ^fluoro^xtam 

^wt^Airii^Tn 1y1VS r 1<Wlir«<v3 r 4 r S r lft-tetrmhvdre-lH-naphtfo [2,3-C] pynn; 
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(1* S, 1R,3S)-1 -(2 \3 * ,6 # -trideoxy-3 • ^rifluoroacetairido-I^yxc^op^ 

3w*»ttmidothiazDlW [2,3-C] pyran; 

(! , S4S f 3R>-lK2\3%6 , ^deoxy-3 , ^flTOio«cct«iiiido- 

3-*ceUmido- thiazolyl)-5 f lOniioxo-3,4,5, l(Metntoydio-lH-ii^^ 

(l , S4S,3RHK2\3\6 , -*rideoxy-3 , ^fluoiOK!et^ 

3-aniinouiia»W^ 

(I *S, 1R,3S) MemyKlK^^'-lrideoxyO'-an^ 10-dioxo- 
3,4^40-totiahyd^7Mne*yl^^ ketone; 
(1'S,1S,3R) MelhyI(l^\3\6 , -trideoxy-3 , -«niiiic>-W 
3,44404etrahydio-7HnemyI^^ ketone; 
(1'S,1R,3S) methyl-l-P' >3 * f 6 , mideoxy-3 '-trffiiiOToacetairiao^-ty^ 

lyxofaexopyiaiwae)-5, 10^^ Mphmo [2,3-C] 

pyren-3-yl) ketone; 

(rS,lS,3R) metfayl(l-(2 , ,3 * ^'-trideoxy^ '^rifluoroarrtinikkHl'-hydroxy^L- 

ryxohexc^yiaiic^VS, lO^ox^^^ niphtho [2,3-C] 

pyran*3-yl) ketone; 

A compound according to claim 1 selected from the group comparing of 
(1 'S.1R.3R) -l-^^'^lideoxy-L-lyxota^ 
tetrahydioojphtbo [2,3-C] pyran; 

(1 'S, 1S.3S) -l^%6 , -dideoxy-Wyxctec^yian^ 
te^ydronaphtho [2,3-C] pyran; 

(1'S,1R,3R) -lK2\3\6 , -oideoxy-3 , -«nimo-L^yxctoc^ 
3,4^40-tetrahydroMphtho 12,3-CJ pyrin; 
(1'S,1S,3S) -lK2' t 3\6'^rideoxy-3 , -ammc-Uyxcmeico 
3 v 4^404e<rabydtonaphtho [2,3-C] pyran; 

(rS,lR,3R) -l^\3%6 , 4ridmy-3'-amino-L4yxohexo^ or 9- 

hydroxy -3-ethyl-3,4 f 5 JOHetrahydronaphtho [2,3-C] pyran; 

(1'S,1S,3S) -l^ , ^\6 , Hrideoxy-3 , *aniiiKH or 9- 

hydroxy -3-ethyl-3,4,5, 10-tetrahydroriaphtho [2,3-C] pyran; 

(1*S,1R,3R) -l^'J\6 a 4rideoKy-3^am 9- 
dihydroxy -3-ethyl-3,4,5, 10^e<rahydronaphtho [2,3-C] pyran; 
(1*S,1S,3S) -l^\3\6 , ^d^xy-3*-ammo-L4yxohexopyim 9- 
dihydroxy -3^yl-3 t 4^4(Metrahydnmaphtho [2,3-C] pyran; 
(1'S,1R,3R) -l^\3\6'-trideoiy-3 a - ammo-r-icoo^yxcto 
or 9-hydroxy -3-ethyl-3,4,5 ,104etrahydranaphuw [2,3-C] pyran; 
(1'S,1S V 3S) -l^\3\6 , -trideoxy-3'- aimno-2Modo4^1yxc^ 
or 9-hydroxy -3-«thyl-3,4,5, lO^etrahydronaphtho [2,3-C] pyran; 
(1'S,1R,3R) -lK2\3\6 , ^deoxy-3 , -triflucioace<aim 
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dioxo-6 or 9-hydroxy -3-ethyl-3,4 t 5, l(Metrabydrcnaphtho [2,3-C] pyran; 
(1'S,1S,3S) -l^\3\6 , -trideoxy-3 , ^fluoroaceUnudo-I^lyxo^ 
dioxo-6 or 9-hydroxy -3-ethyl-3,4, 5, 10-tetrahydrcnaphtho [2 t 3-C] pyran; 
(1 'S,1R,3S) MemyKl-tf^^'-trid^xyO'-enw 

dioxo-6 or ^yd^xy^^.S^lO-teb^ydroMphtho [2 f 3-C] pyran-3-yl) ketone; 

(l f S,lS f 3R) McmyKl-C^^'-trideoxy-S'-ennn^ 

dioxo-6 or 9^ydroxy-3 9 4»5,104etnhydioiiiphtho [2,3-C] pynm-3-yl) ketone; 

(1'S,1R,3S) MeAyl(lK2\3\6 , -<rideoxy-3'-«iiino-Uy^ 

or 9^ydroxy-3 f 4^,l(Metn*ydnmq>httio (2,3-C] pyran-3-yl) ketone; 

(1'S,1S,3R) MemyKl^^'-toideoxy^-en^ 

or 9*ydroxy-3,4440-tetndi^^ [2,3-C] pyimn-3-yl) ketone; 

(rSJR^S) Metoyl(l-(2\3%6 , -«rideoxy-3 t -«ni^ 

9-difaydroxy~3,4 v 5, l(Metnhyanmaphtho [2,3-C] pyran-3-yl) ketone; 

(1 'S,1S,3R) Mcthyl(lK2\3\6 , ^rideoxy-3 , -tmmo-L^yxohexopym 10-dioxo-6, 

9-dfryaroxy-3,4,5,10-tet^yd^ [2,3-C] pyran-3-yl) ketone; 

(rS.lR.3S) Me&yHl^%3%6 4 ^rideoxy-3'-«rillnoroace^ 

5 t l&4k>xo-6 or 9-hydroxy-3 f 4 t 5, lCMrtrahydionaf>htho [2,3-C] pyran-3-yI) ketone; 

(1'S,1S,3R) Me&yKlK2\3\6'4rideoxy-3 t -t^ 

5,10-dioxo-6 or 9^ydroxy-3,44» lCMetnhydionapli^ [2,3-C] pyran-3-yI) ketone; 
(rS.lR.3S) Memyl(l-(2\3\6 , -trideoxy-3 , -tf^^ 

5,l(Wioxo-6, 9-d^ydroxy-3,44,10-tetrahydr^^ [2,3-C] pyran-3-yl) ketone; 

(1'S,1S,3R) MemyI(l-<2\3 ' ,6 '-triaeoxy-3 '-lrifluorc«ce*an^ 

S,l&4ioxo-6, 9-d^droxy>3 v 4^J(Metnhydioiianh^ [2,3-C] pyran-3-yl) ketone; 

(1*S,1R,3S) Methyl(lK2\3\6 l ^ridepxy-3'Hunino or trifluoroanrtamido-2 , -iodo-L- 

lyxohexopynmott)-5,l&4ira^ 

(1'S,1S,3R) MethyKl^\3%6'^rideoxy-3 , -«inino or triflnotoerrt«inidV2Modo-L- 
tyxctaof>ynz>08e)-54( [2,3-C] pyran-3-yl) ketone; 

(1*S,1R,3R) Metfayl(l^\3\6 l ^rideoxy-3'-«mino or trifluoroerrtitnido-2 > -iodo>Lr 
lyxohexopyraira)-5,10-&cn^ [2,3-C] pyran-3-yl) 

(1'S,1S,3S) MeAyl(lK2\3%6'-Chdeoxy-3 , -«mino or trmuoroacetiniido-2 , -iodo-L- 
lyxohexopymnoeeVS J0Kiioxo-3-ethyl-3 f 4^ f lOHetiahyoitmaphuio [2,3-C] pymn-3-yl) 
ketone; 

(l , S4S3R>-l^\3\6 , ^deoxy-3 , -«nnno-Wyxohexop 
^^hmwrfyl}^, 1fUrWn^l | il | V Ift^HAydtn-lH-naphifao [2,3-C] pyran; 
(l , SJR t 3SHK2\3\6 , ^dwxy-3 , -eniino-Uyxol^^ 
aminothiszolyl)-5,10^oxo-3,4^ [2,3-C] pyran; 

A compound according to Claim 1 selected from the group consisting of: 
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1184 (l'S, IS, 3R)-nethyl-(l-[2 , ,3 t ,6 , ~trid*oxy-3'- 
trif luoro-acetamido-4 ■ -hydroxy-L-lyxohexo-pyrano«e]- 
3,4,5, 10-tetrahydro-naphtho[2,3-C]py«ii-3-yl)ket£mc 

1620 (l*SJ-R,3^)-methyHH2\3\6'^ 

lyxohexopyrano6e)-5, 10-dioxo-3 ,4,5, 10-tetTihydrtMy^hth<>-[2 > 3<:]pyi»nO-yl)ke^ 

1648 (1 ^S^S^RVmeibyHl-e^^'^rid^^ 
L-atibiiio-hexopyranose^ 

yl)fcetoae 

1649 (l'^-R^^-metfayKW 
yl)ketone 

1666 (l*S,lR,3S)-me*yHl^ 

lyxohexQpytiDOse]*3,4440-*eti»hydro^^ ketone 

1667 (l'S, lS t 3R)-B^yKl[2\6*-dideoxyO\4 f Hii&oetyl-2 f -i^ 
lyxohexopyranoee}-3,4,5 t 104etrahydimiq)htho[2 > 3-Qpyran"3-yi) ketone 

1673 (l , ^ t l^>R)«nd(l , ^,l-R t 3^>-i^ 

thfluofoacetamido-I^lyx(^iexopyrui06e>>5 , 1 0-dioxo-3 ,4 ,5 1 1 (Metrahydronaphtho-[2,3-C 
]pynn-3-yl)ketane . 

1998 (lS v 3S,2'S£'S)-ii»BthyKl-0^-Boc-^^ 
3»44«l(^etfahydroiia|)lith^ 

2000 (lS,3S£*S^'S)-iiiethyHl^[8ei^ c6tcr]-5,l(Miioxo-3,4,5,10- 
tetrahydronaphtha1rno-[2,3^pynm»3-yl)ketOTO hydrochloride 

2019 (lR v 3S4 c S0-methyHH2\3\4\6Metndeoxy-3 

L-lyxohexopyrwK)se]-5 f lCMiioxc>^ 

yl)ketone 

2022 (rS4S,3R>*iiethyHH2\3\6^^ 
}pyran-3-yl)ketone 
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2041 pheoyHtnuw-l-methoxv^^^ 
pyran)-3-carboxamide 

2046 (iR^S^'S^mewyHl-P^^^'Hetradeoxy 

L4yxohexopyranoee]-5, KWioxo-3,4,5, 104(^yditmaphthalaio-[2 t 3-C]pyfan-3- 
yl)ketone 

2047 (lS t 3R4'S)-incthyHl-[2\3\4\6 , -tot«dooxy-3 , ^fluoiDace^^ 
L-lyxohexq>yranoae]^ 

205 1 3Hiiinetbylaiiiiiiopropyla(l-methoxy-5 9 10nlihydn>*lHHiaphtb(>-[2,3-C]-pynui)- 
3-carboxamide 

2061 (1S,2'S 9 3R) and (!R,rS^S)-nietfayKl^[3?^ ^ 

3 A5,10*etrahydronaphthaknc-[W ketone hydrochloride racemic 

mixture 

2069 n^yK1^4^pecolinemeth^l]-540^oxo-3 f 4,54^ 
t r + r Qhyry. n «pfr tH«l#»rww[? , 3-£T|pyrttn-3-yl)ketone hydrochloride racemic mixture 

2070 (r^>R^)MnemyHH2\3\4\6' tetradeoxy-3'-iiiefhoxy4'-0- 
nK.f^tw«ii1fn«yUT ^lyrntwMopyfMioflcVS.lO^iioxo-S^^. 10Hetnhydion^)htho-[2,3-C] 
pyran~3-yl)ketooe 

2071 (l'^4^,3^)-iiiemyHH2\3\^^ 

lyxohexopyiMK»e)-54^^^ ketone 
(Tentative assignment) 

2072 (1 f ^-R,34lHiiemyM42\3\4\6^ 

nwhwailfonyl-I ^yxohgg<yyiaii06cV5. IOhuqxo-3 .4.5. 10-tetrahvdronaphtho-»2>3-C]- 
pynn-3-yl-ketone 

2079 (lS4^3ROHiB*yKH2\3\4\6'^e^ 

lyxdiexcpyraiK»e]-5,10^oxc-3A 

yl)ketone 

2087 (lR t 3S t rS) and (1S.3R, l'^HtfEIHYL^H^'.^ 

bistrifluoioacetainidW 

[2,3<3pyran-3-yl)ketone 
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10 



15 



20 



25 



30 



2095 (r-S f l-S t 3-R) and (rS4-R,3^HnetbyH^^ 

^flii^ ^fs^mi ^rwA'-n-w^KafM^ 10xiioxo-3 .4.5, 10- 

tetrahydrooaphtho-[2,3^]p^ 

2102 (!S3R,rS)-metoyHW2\3\4\6^^ 
bexopyianoae]-5 t 10<iioxc^^^ 

2104 (lR,3S4'S)-memyHH2\3\4\6-tet^^ 

hexopyianofie]-540Hiioxc-3 ketone 

2105 (1 '^4-S>R)-inetfayMl-^ 
(24woiiio-ecetyi)-L-Iyx^ 
pyian-3-yl) ketone 

2112 (rsaRtSSHaopropyHl^'^^'-t^^ 

lyxohexopyrmo8e)-3»4,5, l(Metnhydio-m-NAFHTO[23-<^ynmyl]ketQiie 

2113 A 4:1 Misturc of (rsaR^SHnemyKH^^'*^^ 
triflucroacetainido-44c<k>4^^ 
tetjihydrc*aphthc^23^ 

trideoxy-3 '^farmf*^™*^'-**^***** J .-^hi ■MvAg«nfiymnwfc)-S 1 tWiioxo- 

3 t 4^^0^5timhydnmaphthcK[2 t 3-C]pyrwi-3-yl) ketone 

2117 (1'S,1S.3R) and (l'SJR^SHnethyHH^^^ 
lyxohexopyiano«>5JO^oxo-3 t 4^ ketone 

2118 (rS,lS,3R) and (l l S,lR3S>OBflyKl^ > ^ 

lyxohexopynmose]-5 t lO-dioxo-3.4,5, 10-telrahydronaphtho[2 t 3<lpyTaii-3-yO ketone 

2121 (rSJS3R>54<^oxc-34*>pTopoxy<»^ 
nifluoroacetanrido-L-l^ 

38. A compound according to Claim 1 selected from the group consisting of. 

1184 (l'S, IS, SRVmerayMH^S^'-trideray^ 
L-Jyxohexc^yranose]^^^, 10-tetrahyd^ooaphmo[2,3-Qpyran-3-yl) ketone 

1620 (1 , S4-R > 3^)-niemyHl-r2\3\6 , ^deoxy-3 , ^fluaroace*^ 
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lyxotaopynHwa^^ ketone 

1648 (r^ t l^ t 3-R)-n^yHH2\3\ 
I^n^ino-hexopyranoee^S, 10<Iioxo-3 A5, 10-tetiahydion^ 
ketone 

1169 (l'S, 1R, 3S) AND (l'S, IS, 3R>-niethyHH2\3\6'-Dide^^^ 
trifluoioacetaiiudo^'4iyd^ 
tetrmhydnmiphlbo[2,3<^yraD-3-yl)ke4oiw 

1666 (rS,UU3$>-nrtyHl-I2\6 a -diA^ 

lyxohexopyranoseJO^, l(Metnhydroiuphtho[2,3-C]pyx»n-3-y]) ketone 

1667 (l'S, IS, 3R)-ineAyKlI2\6 , ^deoxy-3\4 , -di«^1.2 , -k>dV 
15 Iyxooexopynui0Ge}-3,4 9 5^ ketone 

1673 (l'-S t l-S,3-R) and (r^4-R,3^>-iiiethyH^ 

trifloofoacetamidc^l^lyxohexo^ 

Jliyiao-3-yl) ketone 



10 



20 



2019 (iR.3SJ # SO-methyHM2\3\4\6'^ 
L4yxohexofyyiBnose]-540^o«o-3 



25 2046 (lRJS.rSHaBthyHl-C^^^-t^^ 

L4yxon«vyriiKieel-540^oxo-^ 



2047 (lS3M'SHnethyK142\3\4\6*-te*nuieo^^ 
30 L4yxohexopyrino6e]-5, 10^oxo-3 v 4 t 5 t 10^etnmaphthAleno-[2 v 3^)pynm ketone 

205 1 3-dtn^y Uxninopropyla( 1 -methoxy-5 , 10-dihydro-lH-««phtho-[2 t 3<!]-pynui)- 
3*cifboximidp> 

35 2061 (1S,2'S,3R) and (lR t 2'S,3S)-iiiethyHl^l3^ipec^^ 

3 4 5 1 ^^lyyHrr^nphthfll w>-[l T 3>rr|py™-3«yU ketone hydrochloride racemic 

mixture 

2070 (1 '-S, l-R t 3-S)-inethyKM2 , f 3\4\6* tetraowxyO -ineAoxy^ -O- 
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10 



15 



20 



methinesulfony^ 
pyran-3-yl) ketone 

2071 (l^S4^>4)-inethyHHr^^^ 

lyxohexopy«no8e)-5 f 10-dioxo-3,4 f 5 f 1 0-tetrahydronaphtho-t2 t 3-C]pyrin-3-yI) ketone 
(TENTATIVE ASSIGNMENT) 

2079 (lS4'S^RO-inethyHH2\3\4\^ 

lyxcnexcpyranose]-5, 1 0-dioxo-3 ,4,5, lCMetrahydnHiaphthaieiH>-[2,3-C]py«n-3-yI) 
ketone 

2087 (1R,3S.1*S) and (lS,3R,rS)-methyHH2\3^ 

bistrifluoroacetaiiudo-i>^ 

(2,3-C]pynn-3-yl) ketone 

2105 <r^,l^,3-R)-iiietnyl^ 

(24m>tiK)-«xtyl>-l^yxopyT«no6e]-5 t 10niioxo-3,4 9 5,10-tetiihyd^onmphtho-[2,3-C] 
pyran-3-yi) ketone 

2117 (1'S,1S,3R) and (l f S,lR,3S>-iiiethyHl-[2\6 v ^d^xy-3\4 , ^yd^Dxy-L- 
lyxohexo-pyimno6e]-5, 10niioxo-3,4^ t 10^etrahydiDnaphtho[2,3-C3"Pyrnn-3- 
yl) ketone 



39. A process for the preparation of a compound of formula , 



and phannaceun'cally acceptable acid addition salts thereof wherein X3 is selected from 
the group consisting NR, 0, or S, Rg is methyl ketone or is as denned in claim 1; and Rj, R2> 
R3, R5, Rft, R7, Rg, Xj, X2 and X4 are as denned in claim 1 

selected from the group of processes consisting of 




I. 



1 ) selecting a precurser isochroman compound of formula 



35 
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CHjO R5 



10 



wherein R5, R$, R7 and Rg are defined as above, oxidatively demethylating said 
confound with an oxidant to give a quinone compound of formula 



O R. 

0^ 



15 



2) and fjrlir-nMing said qninone with a diene of fofnmla 



15 



wherein L is a leaving group selected from the group consisting of halogen, tosyl, 
benzoyl p-nitrobenxoyl and -OR or -SR, wherein R is selected from the group consisting of 
hydrogen, C|.i£ alkyl, Cj.jg acyl, Cj.|5 aryl t Cj.jg aDcylailane and dunemylaumo, 



20 



wherein Rj, R 2 » R3 and X4 are as defined as above; to yield a tricyclic 
hcteronaphthoqumone of formula 



?1 ? ft 




and 

3) optionally coupling said tricyclic heieron4mhthoquinone at R5, wherein R5 is -OH, to 

259 



SUBSTITUTE SHEET 



WO 94/11382 



PCI7CA93/00463 



a saccharide of formula 

18a 

5 wherein R9, R]q, Rj j and Rj2 are defined as in claim 1 and L is as defined above; 

to yield a tricyclic saccharide of formula 




' R. T 

*i2"*io 



10 IL a) coupling the iaochroman (14) of reaction 1,1. above, wherein R5 is H, with a 

saccharide of formula 

cm 

20 

IS wheremR^RifrRii and R12 are defined asm claim 1 to yield a bicyclic 

saccharide of formula 




CB3O o 
*12 11R 10 

21 

20 b) oxidattvely deoiethylating the methoxy group6 from formula (21) to yield a bicyclic 
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quinone saccharide of formula 




19 

5 c) and cyclo-adding said chemical (19) with said diene (16) of reaction (1X2) to yield 

the tricyclic saccharide 




10 m. 1) coupling the quinone of formula 15, 



15 




18a 18b 



of step (I) (2) to yield a bicyclic quinone sacharide of the formula 
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O Rg 

p o 

Ri^ 1R io 
12 

2) and cycloadding said quiaone nawhoriifa with toe said diese of formula 




to yield a tricyclic MfScharidn of formula 




O O 



10 

IV. a) selecting a precureer be n in a te compound of fbnnnla 




15 and condensing it with a dihalomethyl dimethoxybenzene wherein said halogens are indepently 

selected from the group consisting of CI, Br and I, and X3 is selected from the group consisting 
ofO,S, andN; 
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^3? ?8 




& 



to yield a dimethoxyisochroman of formula, 

CH3O Rg 




14 



10 



b) oxidatively demethylating the methoxy groups from formula 14 to a tricyclic 
dioxoisocfaroman; 

the resulting dioxoisoehroman is cyclically coupled with the diene of formula 




or 




15 



A is NR wherein R is selected from the group counting of H, Cj.jg alkyl, C7.25 aryl and L is 1 
leaving group as defined in L2) 

to yield an anthracenedione of formula 

It, o Rj 



17 



20 



the resultant compound may optionally be converted to the hydroxy! form of formula 
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*1 ° ?8 




O OH 



and may be optionally coupled with a f of formula 20 to yield the tricyclic saccharide 

of formula 12; 

V. a dimethoxyisothiochroman of formula 



10 



may be optionally coupled with a saccharide of formula 



OR 



2» 



15 



1) to yield a dimethoxybicyclic saccharide of fonnula 

O 



CH3O »g 




20 



20 



2) oxidativdy denjethylating the methoxy groups to yield a dioxobicyclic isochroman of 



formula 
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3) cydoadding said dioxobicyclic isothicchnnnan with a diene of fbnnula 29 



O 



5 




to yield a thiothcyclic saccharide of formula. 




M 

10 

4fc. Pi uu e a* according to claim 39 co mpri sing the further preliminary steps of a: 
a) reacting 

15 




with Re rngX 



orb) 
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OCH, 
OCH, 

c) to yield product: 




20 

41. A process, according to claim 39, for the preparation of a compound of formula, 
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10 



15 



and phannaceutically acceptable acid addition salts thereof, 

wherein X3 is selected from the group consisting of N, S, or 0, R5 is methyl ketone or 
is as defined in claim 4 and R lt R 2 . *3' R 5' *6> R 7> Rg> «nd X4 are as defined in claim 4 
which comprises the steps of 

I. 1) selecting a precurser isochroman compound of formula, 



CH3O Rg 




wherein R5, Rg, R7 and Rg are defined as above; oxidatively deoMthylating said 
isochroman with an oxidant to give a quinone compound of formula, 



O Rg 



*6 
*7 



15 



2) and cy do-adding said quinone with a diene of formula, 




20 



wherein L is a leaving group selected from the group consisting of halogen, tosyl, benzoyl, p- 
nitrobenzoyl and -OR or -SR, wherein R is selected from the group consisting of hydrogen Cj_ 
16 alkyl, C!. 16 acyl, and C M 6 «ryl, Cj.jg alkyl silane and dirnemylamino; 
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wherein Rj, R 2 , R3 and X4 are as defined as above; to yield a tricyclic heteronaphthoqiiinone of 

formula, 



?1 ?. ?8 




and 

3) optionally coupling said tricyclic hetextnaphthoquinone at wherein R5 is OH, to 
a saccharide of fonnula, 



10 



iss 



H 3 C- 

18b 



15 



Ro, R]Q> Rn and Rj2 are defined as in claim 4 and L is a leaving group 
1 from the group consisting of halogen, benzoyl, tosyl, p-nitrobenzoyl and -OR or -SR, 
1 R is selected from the group consisting of Cj.^ alkyl, Cj.^ acyl, aryl, and C| v 
1$ trialkyiattane, 

to yield a tricyclic saccharide of formula. 




O O 



12 



20 



42. A process recording to claim 39 for the preparation of a compound of fonnula, 
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Rl *11R 10 



12 



and pHTTn* r ^ 1 *"» fl1l y acceptable acid addition salts thereof, 

wherein X3 is selected from the group consisting of S, or 0, R^ is methyl ketone or is 
as defined in claim 4, R5 is saccharide as defined in claim 4, and X 4 , Rj, R 2 , R3, R7, Rg, R9, 
R|Q f Rj| and Rj 2 are defined as in claim 4, which comprises the steps of 

1) coupling an isochroman 



CB3O Rg 



10 



CB,0 



*6 
*7 



15 



wherein R5 is H and R$, R7 and Rg are defined as above with a saccharide of formula, 

OH 

2S 

wherein Ro, R^, Rn snd Rj 2 ■» defined as above to yield a bicyclic saccharide of 



formula, 



GH3O Rg 




21 
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2) oxidatively demethylating the methoxy groups of fonnula (21) to yield a tricyclic 
quioone saccharide of formula, 

° ?8 



o o 

lit 



10 



15 



19 



3) cyclo-mdding said tricyclic quioooe saccharide a diene of fonnula, 




wherein L is a living group selected from the group consisting of halogen, tosyl, 
benzoyl, p-nitrobenzoyl and -OR or -SR, wherein R is selected from the group cons i stin g of 
hydrogen Cj.ig alkyl, Cj.jg acyl, Cj. w 

aryl, Cj.|g alkykrilane and dimethylamino, to yield a compound of fonnula 




43. A process, according to claim 39, for the preparation of a compound of formula, 
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12 

and p harmnftMiriffaii y acceptable acid addition salts thereof, - 

5 wherein X3 is selected from the group consisting of NR, S, or 0, R$ is methyl ketone 

or is as defined in claim 4, R5 is saccharide as defined in claim 4, and Rj, R 2 t R 3» R 8» 
R 10 , Rj 1 , R 12 , and X 4 are defined as in claim 4; which comprises the steps of 
1) coupling the quinone of formula, 



10 




wherein R5 is OH with a saccharide of formula, 



L 




18a 12k 



wherein L is a leaving group selected from the group consisting of halogen, tosyl, 
benzoyl, p-m trobenzoy 1 and -OR or -SR, wherein R is selected from the group consisting of 
hydrogen C M $ alkyl, C M6 acyi t Cj. 16 

aryl v Cj.16 alkylsilane and dimethylamino, to yield a bicyclic quinone saccharide of the 
formula, 



15 



20 
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o o 



11*1111,0 

22 

2) and cyclically coupling said quinone saccharide with die dieoe of formula, wherein L 
is defined as above 



M 

to yield a tricyclic saccharide of formula, 

R 1 ° *8 



10 




15 



20 



44. A process according to claim 39, for die preparation of a compound of formula, 

*1 x 1 *» 




X 2 F5 



and pharmaceutically acceptable acid addition salts thereof, 

wherein X3 is selected from the group consisting of N, O, or S, Xj and X2 are 0, R5 is 
hydroxyl and Ri, R2. R3. Rfr *7» R 8» «nd X 4 are defined as in claim 4, which comprises the 



of 
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PCI7CA93/00463 




end condensing it with a dihalomethyl dunethoxybenzene, 

CB 3? ?S 




CB3O 



10 



■aid halogens are independently selected from the group cortrirting of CI, Br 
1 and X3 is selected from the group consisting of O, S, and N to yield a 
of formula, 




15 



20 



2) oaidatively demetfaylating the methoxy groups to yield a bicyclic 
Ai**wr±mf*t,~u-km,~*mm- the resulting aioxoiaouMochroinan is cyclically coupled with the diene of 
fmuiula. 



2i 



wherein A is NR and R is selected from the group consisting of H, C|_|5 alkyl v and 
C7.25 aryl, and L is a living group selected from the group consisting of halogen, tosyl, 
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benzoyl, p-nitfobeazoyl and -OR or -SR, wherein R is selected from the group consisting of 
hydrogen C M6 alkyl, Cj.tf acyl, C M6 aryl, C M6 alkyLrilane and dime&ylunino, to yield 
an anthracenedione of the formula, 



?1 ? ?8 




10 



the resultant nrmp'™"'* may optionally be converted to the hydroxyl-form yielding a 
of formula* 




O OH 



15 



20 



the resultant compound may be optimally coupled with a saccharide of formula, 

OB 

*i? 1R io 
20 

wherein Ro. Rio. *11 and. Rj2 «* defined as in claim 4, to yield a tricyclic saccharide 
of fonnula, 




*i? ,1R io 



12 



45. A process according to claim 39, for the preparation of a compound of formula, 
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and pharniaceutically acceptable acid addition salts thereof, 



10 



wherein Rj, R 2 , R 3 , R7, Rg, R9, Rio» *H. *12' «nd X4 are defined as in claim 4; 
which comprises the steps of 

1) selecting a dimethoxythioisochfDman of formula, 



GH3O Rg 




CB3O 



and coupling it with a saccharide of formula, 



OH 



11*1111,0 

22 



15 



2) to yield a drmethoxybicyclic wrrhiidft of formula, 

CHjO Rj 0 



o o 



CH3 



30 



20 



3) oxidatxvely demeuylating the methoxy groups to yield a dioxobicyclic 
thioisochroman or formula, 
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*i?«io 



11 



4) cycloadding said dioxobicydic iaochroman with a diene of formula, 




10 



IS 



to yield a thiotri cyclic saccharide of fonnula. 



44. A 

1) 




24 



-ending to claim 39 which comprises a further preliminary step of 
a precurser compound of fonnula 



*7 



-Pg 



20 



wherein R^, and R7 are electron withdrawing *roups as defined in claim 4, X3 is O 
S, and Pg is m protecting group selected from the group consisting of 

•cyl, 

trifluoracyl, 

benzoyl, 

P-nitrobenzyl, 
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Cj.i6 aikylsilane, 
C w6 alyl. 

5 and condensing said precursor compound with a dihalomemyl dimethoxybenzeae of 

formula 




GH3O Rj 



10 



wherein Xn and independently selected from the group consisting of CI, Br, 

audi, to yield a dimeuoxy bicyclic precursor cheimcd of formula 



CH3O Bg 




15 47. A process according to claim 39 which comprises a further step of attaching a protecting 

group to at least one of the moieties at positions R| t R 2 , R 3> *6> R7 «nd Rg and positions Ro, 
R 10 , R n> and R I2 of the saccharide prior to glycosylation and then removing said protecting 
group or groups. 

20 48* A process according to claim 47 wherein said protected positions are at Rj, R 2 and R3; 

49* A process according to claim 39 wherein X3 is O or S; 

50. A process according to claim 41 wherein X3 is O or S; 

25 

51. A process according to claim 42 wherein X3 is O or S; 

52. A process according to claim 43 wherein X3 is O or S ; 
30 53. A process according to claim 44 wherein X3 is O or S; 



54. 



A process according to claim 39 wherein X3 is O; 
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55. A process according to claim 41 wherein X 3 tsO; 

56. A process according to claim 42 wherein X3 is O; 

5 

57. A process according to claims 

58. Apitx^»ccordingtoclsiin44whemnX3 isO; 
10 59. A process accoidmg to data ^ 

60. A pharmaceutical compodtion possessing anti-tumor activity, comprising an effective 
amount of at least one compound according to claim 1 and a phannaceutical acceptable carrier. 

15 £1. a phannaceutical composition possessing anti-tumor activity, comprising an effective 

amount of at least one compound according to claim 3 and a pharmaceutical acceptable carrier. 



35 



C2« a ph^ ni-"— i»ir»i composition p o ^a * — in g anti-tumor activity, comprising an effective 
amount of at least one compound according to claim 4 and a phaxmacentical acceptable carrier. 



20 

63. A pharmaceutical composition p«— *«"g anti-tumor activity, comprising an effective 
amount of at least one compound according to claim 5 and a pharmaceutical acceptable carrier. 

64. a jA^ TTr™"*** 1 composition possessing ann-tmnor activity, comprising an effective 
25 amount of at least one compound according to claim 6 and a pharmaceutical acceptable carrier. 

65. A phannaceutical composition possessing antitumor activity, comprising an effective 
amount of at least one compound according to claim 7 and a phannaceutical acceptable carrier. 

30 66. A pharmaceutical composition possessing anti-tumor activity, comprising an effective 

amount of at least one compound according to claim 8 and a pharmacentica] acceptable carrier. 

47. a phannaceutical composition possessing anti-tumor activity, comprising an effective 
amount of at least one compound according to claim 13 and a phannaceutical acceptable carrier. 



68. A phannaceutical composition possessing anti-tumor activity, comprising an effective 
amount of at least one compound according to claim 14 and a phannaceutical acceptable carrier. 

(9. a pharmaceutical composition according to claim 1, wherein said compound is 
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combined with an agent facilitating targeting of said combination to tumor or cancer cells. 

70. a pharmaceutical composition according to claim 3, wherein said compound is 
combined with an agent facilitating targeting of said combination to tumor or cancer cells. 

5 

71. A compound according to claim 1 selected from the group consisting of: 

(l'-S, l'S, 3-R)-iaefoyHH2\y f 4\6* tetradeoxy-3 *-inetboxy^'^inethane8d 
10 lyxohexc^yranc^^S^O-dioxo-S^.SJO tetiahydronaphtho-[2 f 3s:) pyran-3-yl) ketone 

BCH-2072 

l-Methoxy-5 ^C^xo-5, lOniibydro^H-nar*^ 
piopyl)carboxaini<ie] (BCH-2167) 

14tfethoxy-5 t ir>dfoxo-5,l(^ 
15 propyl)carfaoxamide] hydrochloride mianohydrate (BCH-2051) 

(lS,2'S3S^S)-Me&yHl-O4N-B0^^ 

naphtho [2,3-c] pyran*3-yl) ketone (BCH-1998) 
(lS^'S^S^'S^MefliyHl^Serine-LettOT ester>5 t lf>dioxo-3,4A10-te^ 

[2,3-c] pyran-3-yl) ketone hydrochloride (BCH-2000) 
20 (IS, 2'S, 3R) and (1R, 2'S, 3S)-n*rtyHHO-senne methyl ester]-5,10Hiioxo-3,4,5 f 10- 

tetrahydnnaphtaleno 12,3-C] pyran-3-yl) ketone hydrochloride. (BCH-1654) 
(IS, 2'S, 3R) and (1R, 2 # S, 3S)-inBthyHHO-N-BOC^ 

naphtho [2,3-CJ pyran-3-yl) ketone BCH-2067 
(IS, 2*S, 3R) and (1R, 2 f S, 3SHnethyHH<>pTol^^ pyran-3-yl) 
25 ketooe hydrochloride salt (BCH-1658) 

(l'-S f 1-R, 3-S) and (l'-S, 1-S, 340-3-cyano-l^\3\6*-trid^^^ 

lyxohexopyiaiiose>5,10^ (BCH- 

1688) 

(l'-S, 1-S. WO d'-S. I'** M>«*»KH2*^*4 , f « # tetradeoxy-S'-trifhion^ 
30 nw&ane^fbnyl-I^yxohexo^ 10 tetrahydraoaphtho^^S-c] 

pyran-3-yl) ketone BCH-2095 
(l'-S, 1-S, 3-R>«tiiyl-(Wr f 3 , f 4' f 6 t tetiadeoxy-S'^rifluoroecetai^ 

lyxopyrano6e}-5 t 104ioxo-3,4,5,10 tetrahydronaphtho-[2,3-c] pyran-3-yl) ketone BCH 

2105 

35 (l'-S, 1-R, 3-S>^netilyKH2^3^4^6• tetradeoxy-S'-metoy^-Oiia^n^^ 

lyxohexopyrano6e)-5, lO-dioxc-3,4,5, 10 tetiahydrona|fctho-I23<] pyran-3-yl) ketone 
BCH-2070 

(1-S, 3-R) and (1-R, 3-S)-methyHHl-methoxy«4-oxocydc^ 

3,44,10 tetrahydionaphu>I2,3<] pyran-3-yl) ketone BCH-2096 
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(1R, 3Syi^Z\3 * ,6'-trideoxy-3 '^fiuonac^MtmdoA* ^hydroxy A ^-dihydro-L-lyxcAcocopywnose-Z-ylh 

5,l(Hiioxo-3,4,5,10-tetnfcy<^^ pynm BCH-2144 

(IS, 3RHK2',3%6 , ^deoxy-3 , HriflucmM^^ 

5,lMiaxo-3,4,5,10-tat^^ pynm BGH-2145 

5 (1 'S, 1R, 3S)-5, 10siioxo-3-iiK<hoxyine^ 

lyxohexopyniK>tt)-3,4,5,104e^ (BCH-1691) 
(l'S, IS, 3R>540^oxo~3-iaethoxy^ 

lyxohcxopyriaoee)-3,4,5 JO-tetnhydro-lH-oaplitho [2,3-c] pynm (BCH-1693) 
(l'S, 1R, 3R)-5,10Httoxo»3^yl-l^'^\6'^deoxy-3'^ 
10 3 v 4 v S404elidiydfo-lH-a^tho42 f 3-c] pyran (BCH-2Q26) 

(l'S, IS, 3S)-5,10^oxo-3^yM^\3\6'-tride^ 

3,4,5, 104etxihydio-lHHiaphtho^2,3<)^^ (BCH-2020) 
(1*S, IS, 3S)-5»lC^oxo-3^yl-l^\3\6 , 4rideoxy-3'<^^ 

tetnhydm-lHHiaphtho-[2,3<]-pynai (BCH-2Q21) 
15 Tnms-5,lCHliaxo-l-«oet^ (BCH-2027) 
3^yl-5,10Kiioxo-3,4,5,l<>-tetnhyd^ pyxan (BCH-2154) 

(l'S, 1R, 3S)-5,10^dioxo-3-uopri>pyM 

3 t 44 t 104e*ihydro-lH-oaphih^ (BCH-2053) 
(l'S, IS, 3R>5,10-dk»xo-3-ttoprofyl-l^^^^ 
20 3,4^, 104iAnhyd^lH-iiapfatb<K2,3^]^ynn (BGH-2052) 

(trans>5 J(Wioxo-34aopro^ (BCH-2148) 
(l'S, 1R, 3S)-5,lMiora-3-i i op i opcoyl-l^ 

3,44»lO-l0tr«hydro-lH-oaphtcK2,3^}-p^ (BCH-2153) 
(l'S, IS, 3R)-5 t 10<ttox<>-3-iBopiop«yM^\3\6'-tri^ 
25 3,4*5. l(M0tnhydiD-m-ai|ditoK2,3^ (BCH-2152) 

(l'S, 1R, 3S)-5,10*dksxo-34iiBUioxycafb^ 

lyxohexopynii08e)0,4,5,10-tet^^ (BCH-2128) 
(l'S, 1R, 3S)^8opTopyHl^\3\6*^ri(koxy-3 , ^flu^^ 

3,4,5,10-tatntoydro-lH*^^ (BCH-2112) 
30 (l'S, 1R, 3Sy540niioxo-3-i8opropOT^^ 

lyxohexopynaow)-3^ (BCH-2122) 
(l'S, IS, 3R)-5,10*dioxo-3-iaoim^ 

lyxctoopyiiiiose)-3,4,5,l (BCH-2121) 
(l'S, lS)-5,l(Mlioxo-3 > 3-dimetboxyiDea 
35 nitrobenzoyl-]^lyxoiiexoi)yraiioee> (BGH-1697) 

(l'S, 1R, 4R)-540niiox<v4H^yM^\3\6 , ^d^^ 

3 f 4 t 5 t 10-tetr«hydra-lH-MphthcK2,^c] pyrin (BCH-2091) 
(l'S, 1R, 3S)-5,lO^0xo-3-ftoyloxym^ 

iyxohexopynnose)-3,4,5, lO-t^rahydro-lH-naphtho-^^H:] pynm (BCH-2032) 
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(l'S4S t 3S) and (l , S4-R^R)-3^2\3 , ,6 f ^ridooxy.3 , ^rifluoro«set^^ 

lybcfcexopyranoee^ 

(BCH-2031) 
(1 a S44t,34l)-3^\3\6^lrita 
5 3,4^0*etiahydionapo^ (BCH-2163) 

(l'^4-R t 3^)-3K[2\3\6'^rideoxy»3 , ^fluoimrrtam^ 

3,4^ JO^etnhydnmapiitn^ (BCH-1649) 
(rS t lS t 3R) and (l*^44l f 3^>-3^2\3\6 , *rideoxy-3 , ^i^^ 

lyfctoopyianoee^^^ 
10 (BGH-1648) 
(r^44U3^,4a-S40»^Hn^ 

lyxoheaopynmoaoHa, lO^epoxy-5, 10-dioxo-3 ,44, l(Metndiydrooaphtho-f2,3-c] pyran- 

3-yI) ketone (BCH-2141) 

(r^^R^-RtlCk-R)-^ 
15 lyxoliexopyiaiioee)^ 

3-yl) ketone (BCH-2149) 
(IS^JU'S^'S^'S) and (1RJS,1 < S£ > S I S V 9>«^^ 

raCpyltetrahydropyr^ pyian-3- 

yl) ketone (BCH-1673) 
20 (l'S,lS,3R}-3 (oiimoethyl)-5,10-dioxo-l (23,6-trideoxy-3Hrifluon»«^^ 

3 t 44404etrabydro-lH-naiAtfao-[2,3«c] pynm BCH-2101 
(1 % lR,3S>3(c»ximoethyI)-5, 10-dioxo-l (2,3,6-triaeoxy-3^rifluoroa^ 

3,44,10-tetrahydro-lH-«uD^ BCH-2115 
(rs4S,3R)-Htriftu«oace^ 
25 lyjuteopynno^ (BCH-2018) 

(rR,lIU3S)-3-eceto-5J<Mlk»x^ 

tetrahydro-lH-tuphtbcK2 v 3^]pym (BCH-203B) 
3-Aceto-5J(Miioxo-l-oifttto (BCH-2129) 
(1R3S) and (lS^R)-3^ceto-5 t 10-dioxo-l (4<hlofoetfaylnhroeouieido cydohexyl-oxy)- 
30 3 t 44,10tetrahydro-m-u^tho^2,3<]iyym (BCH-2114) 

l-fficthoxy'3-NHUiilinylcai^ (BCH-2044) 
l-OMtboxy-3^*N-pyrroiidinoniy)pn^lam 10-dioxo-5 t 10-dihydrx>-lH-naphtho-[2,3-c]- 

yian (BCH-2166) 

(3-N^ydn>chloitrimidizolyl^^ 10^iibydn>-lH-caphtho-[2,3^]-pynui-3- 
35 caffaoxanude (BCH-2157) 

3^ylthiocaxbonyl-5 f 8-dioxo-l 3 .4^ JCH>entahydrD-naphtbo-[2 v 3<}^^ (BCH-2003) 
3^5*4o^ioxazolyl)-5J0^ox<^ (BCH-2155) 
(l , S4S f 3R)-H3 , ^fluoioacetaimdo-r^%6 , 4rideoxy^^ 

metfayl-3,4,5, l(Metrahydn>-5, 10^ox<>^laIrtltho-[2,3-c^pyIan (BCH-2076) 
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Methyl (lniiethaxy-5,10^oxo-3,4,5,10-tc^ fbimtfe (BCH-2043) 

l-Melboxy-5,10^oxo-5,10^ydn>-lH««^^ ecid (BCH-2161) 

(l,3-to«isH-metoxy-3<ei^ 

(l,3<isH-n>elboxy-3H^^ 
5 (l,3-tnxis)-lMiietboxy-3-N-«nilinylc«^ 

(BCH-2041) 
(l,3<is)-l-fiiBtiK)xy-3-N-iiiilinylcMbOTyW 

(BCH-2042) 
(l%!R^S)-2\3\6 , ^rideoxy-3Mriflu^^ 
10 dk>xo-3,4,5,104ed^ydro-lH-oa^^ (BCH-21S0) 

(rS,lS3R>2\3\6Mrideoj^3'^fli^^ 

dioxo-3A5a<Meb^ydi^ (BCH-2151) 
(1 y 3-tranfr>l^thnTTy-^ , ^m i" rfal, ** wl y l >-^i iQ^^^.4.5.1Q-tctr^vdn>-lH-naphtfaO"r2,3K?Vpy^ 

(BCH-1616) 
15 (l>trans)-l-iMfooxy-3-di^^ 

pyrin (BCH-1674) 
(l%lR3SH<3'^fluMOii*tttiu^ 

lHHuphtfao^3^H»ynai (BCH-2077) 
(1%1S,3RHK3'^moct«^™^2'^^ 
20 3,4^40-totndiydn>-54<^dkixcw^^ (BGH-2082) 

(l*SJS3R)-lK3'^flporo«rHaffrido-2' > 3\6 t ^ 

dime4hoxyphoe^ 

(BCH-1690) 
(rS,lS,3SHK3'^fluottiemamin^^ 
25 methyI-3,4A104etnhydn>-5,^ (BCH-2081) 

(1 *S JS^S)-lK3'^fluofQttoel»iiiido-2 t ^ 

dimethoxypfaaspl^^ 

(BCH-2Q37.001) 

(I^lR^RH^'^floo™**^^ 2 ^^ 
30 dimeaioxyplios|diD^^ 

(BCH-2127) 
(rSJS^SH^'^rifluotoecetMiiu^ 

tetrahydro-5, 10-dioxa-lH-fl«f*tfK>-{2,3-c}-pyrMi (BCH-2090) 
(l , S4R,3S)-l^ , ^fluon)«oetimido-2\3\6 , -tri^^ 
35 3,4,5, 104et«hydn>-5,10^oxo-iM^^ (BCH-1689) 

(l , S f lR,3S)-methyHH2\6 , «dideoxy-3\4 , ^ydioxy-2'4o^ 

3 ,4,5, 10-tetnhydnmaphtho [2,3<}-pyr«n-3-yl) ketone (BCH-2015) 
(l , S f lR t 3S)-iiiethyKH2\6 , Hlideoxy-3M , -diacetoxy 

3,4^,l(Metrahydrooaphtho [2,3-c]-pyian-3-yl) ketone (BCH-1666) 
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(rSJS,3R)-niemyHH2\6'Hlide0xy-3\4 , -di^^ 

3,444CMetr«hydroiMphtho [2,3^H»yran-3-yl) ketone (BCH-1667) 
(1 1 S y 3R>methyKH2' , 6'-dideoxy-3 9 ^'^ydroxy^'-iodc-I^lyxobexopyi^^ 

3,4 f 5,lCMetr«hydixm«phtho [2 v 3<]^yfan-3-yI)^etpDe (BCH-2014) 
5 (1 'S JR,3S)-mefcyHl-[2\6 , Hiideoxy 

3^54CMetrihydroriaph^ ketone (BCH-2100) 

(rS4S f 3RHne*yHH2\6^Q^d©^^ 

3 A54(Meu^ydroii«pht^ (BCH-2099) 
(l , S4R3S)-indhyHl-[2%3\6 , -lrideoxy-2 , H0d^ 
10 lyxohexopyr«i>oae>5»10-dto^ ketone 

(BCH-2Q23) 
(rS4S.3R)-memyHH2\3\6'^rid^ 

lyxohexojryraiwel-SJC^^ 

(BCH-2022) 

15 (rS,lR4S) «nd (l'S4S3R)-iD0thyHlK2\6^d^ 

540niioxo-3 f 4,5J(MetxihydraMp^ ketone (BCH-2065) 

(l'S4S,3R) «nd (rs,lR.3S>«ft4B^Hti»^^ 

dtoxo-3.4£40-4etnhydn^ ketone (BCH-2117) 

(rS.lS.3R) md (rS4R3S>*>e%HHdideo^^ 
20 3,44,10-tetxihydrau^^ ketone (BCH-2118) 

(1 *S4S v 3R>-methyH6 end ^ydroxy-l^'^'^rideoxy-S'^ 

lyxohexapyranose)-5,i 

(BCH-2078) 
MemyHl-Q-rr-|ripe riffi 
25 ketone, reccanic, hydtochkmife (BCH-2069) 

(1R,3S,1'S) end (lS^IU'ShMemyHl^'^^'^et^^ 

gnbmohexopynmo^^ pynm-3-yl) 

ketone (BCH-2104 and BCH-2102) 
(IR^S.l'S) end (lS^IU'SHtfetlryHl-P^ 
30 »rabux>htgopyrmo^ pyran-3-yl) 

ketone (BCH-2047) 

MeAyKl-04N-BOC*3inperidinett^ pynn-3- 

yl) ketone, mixture of iaomera (BCH-2060) 
MeAyH1^3^peridineinethii» pyran-3-yl) 
35 ketone hydrochloride salt, mixture of isomers (BCH-2061) 

(1R,3S,1'S) and (lS£RJ , SHl«e%KH2 , .3\4\6 f ^^ 

■rabmohexopyraiioee]^, 10-dioxo>3 9 4 r 5 f 10-tetrahydronaphthaieao-[2 t 3<] pyran-3-yl) 

ketone (BCH-2104) 
(1S.3R4 , S>MemyHH2\3\4\6'-tetr»deoxy-3 \4*^ris^ 
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5, KWioxc-3 ,4,5, 10-tt^ydraoapfatbaloK>-[2 v 3'c] pynn-3-yl) ketone (BCH-2102) 



5 72. A compound according to Claim 1 aelected from the group consisting of: 

(1 'S, 1R, 3S)-5, lO^xo-3-metkwyc^^ 

utfobenxoyl-I^lyxoto 
Methyl (1 ^ f 8-trimethoxyHflochroman-3-yl) formate 
10 Methyl ( 1 -Metnoxy-5, 8^oxo-5, Sslihydro^gochro^^ formate 

(lS^'S^R^'S) and (l^'S^S^^VHO-N-BOC^eriiie-Leuciiie-Me e^h3-ace^5,Wmiethoxy- 

laochroman 

(IS, TS, 3R) and (1R, 2'S, 3S>HO^ense methyl ester]-3-«^5,8-dimethoxy iaochroman. 

(IS, 2'S, 3R) and (1R, 2'S, 3SH40-N-BOC^Iiiiol]-3-ac^^ isochroman 
15 l^yd^y*3*cyano^ 9 ftHnmethoxy uochroman 

l^ydrroy*3"Cyanc^5 > S*dk»iO"5t8-dm 

(1*S V IS, 3R) and (VS. 1R, 3S)-5J04kno-3<?ano-l^ 

ntoobemvyH^yxohexopj^^ pyran 

5 > S-DmcthOTy»3^( p ron an e"2«one> 
20 ryxofaexopyrinoao^ijocfaroiiiao , 

5,8-Dicgo-3^ufMUE-2HioeH^\3\6^ 

lywolwiujpyiafloae^MochroiBaB 
(1R, 3S) and (1-5, 3RH^'f3\6'*ideoxy-3'^fluorc«ceu^^ 

rj r iMBM nu i \ t ) i»m m \ 2 ^I)-5 > 8^imeuiOxy-3-aceto i sochrainan 
25 (1R, 3SH<2* J ,6*4r*aBoxy-3'4rifl^^ 

1 j ■ i Am ■ i taiMm> - 2 -yl>-5 > Mioxoiaochjoman 
(IS, ZRy\&J'#4Mmny-y^mx*o^^ 

tyiosaopyrnaiae*2-yI)-5 v 8-dtra 
(l v S t 1R, 3S)-5,a-dwxo-3-memoxyin^ 
30 aBtrobanao7l4y4yxohexo^pyianow 
(l'S, 1R, 3S) and (l'S, IS, 3R>5,&Huoxo-3Hnethca^ 

4*^p^tiDbenzoyl-I^yxohexo-pyrano0e^^ 
(l'S, 1R, 3R)-5 f MuDBthoxy-3^yl-l^'3%6 , ^de^^ 

lyxobexopyranosD)-isochroman 
35 (l'S, 1R, 3R)-5,8Hiiaxo-3^yl-l^\3\6'^decay^ 

lyxohexopyrsnofleHsochioman 
(l'S, IS, 3S)-5,8^oxo-3^yl-l-{2\3\6 , *rid^ 

lyxohexo-pyiaiK«)-5,8-duy6^ 
(tniisH-*cetaiiudo-5,8^ 
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(l'S, 1R, 3S) and (l'S, IS, 3Rh5 t 8-dkao-3-iaopro|^-^ 

' nitrobenzDyl-Wyxohexopyrtnofl^ (40:60) 
(l'S, IS, 3R^5,8*tioxo-3-iaoim)i^ 

lyxohexopyrano8e>5,8^ydro-^^ (40:60) 
5 (1*S 9 IS, 3R)-5 t Wimedioxy-3^ 

nitn)bcazoyl-L-lyxohexc>-pyxmD06e) laoc hromi n. 
(l'S, 1R, 3S)-5,8*iimDttaxy-34B^^ 

nitrobcnff>y]-L-)yxohexopyrano8e) iaochromam. 
(1 'S, 1R, 3S) and (l'S, IS, 3R)-5, 8 dimodioxy-3-ii*n^^ 
10 tnfiuoroaceUmida^'-Oi^trobc^ 

(l'S, 1R, 3S) and (l'S, IS, 3R)-5,8 dioxo-3-medioxycttta^ 

4 , -C-p^trobenzoyl-Wyxohexo|^^ 
i6opropyH5,8-dimcthoxy-isodxrcrin^ 
5 , 8«diinethoxy-3- M>cipn ip o xyc« fto 
15 5,8-dimethoxy-3,3 bis (dunethoxymethyl)-!^^ 
(l'S, lS)-5,84imetlK»xy^ 

mtrobcnaoyl-L4yiohflg^ 
(l'S, lS>5,8^xo-3,3^mBlhaxyin^ 

mtrobeoxoyl-L^yxohexopyruio^ 
20 (l'S, 1R V 4R>-5,8-dimetlx>xy^^yMK2\^ 

lyxohexo-pyraooae)-i80caioiDtn 
(l'S, IS, 4S)-5 t 8-dimetfaoxy-4HAyM 

lyxohexc>-pyraiK»e)-isochn>man 
(l'S, 1R, 4R)-5,8*iiaxo-4^yM^\3^ 
25 lyxobexopyiauoaeHaocfaronan 
(l'S, 1R, 3Sh5,8-dimetboxy-3-po«^ 

mtrobcnroyl-Wyxohttopyrra^ 
(l'S, 1R, 3S>-5,8-dk>xo-3-pheoylcw^ 

mtrobeozoyl^4yxahexopynDO^ 
30 5,8-dimBtboxy-3^-propcoylHBOchroi^ 

(1 V S,1S,3S) and (l'S,14l>RH42\3\6\4iiile^ 

lyxobexopynmoee>5 t 8-dimethoxy^ 
(l'S,14U34lH^ , 3\6\^deoxy-3 , ^ftuoioace^^ 

5,8-dimelhoxy-3K2im)pcnyl)-iBCKim>n^ 
35 (lS,3R-3(axunoethyl)-l (2,3,6-trideoxy-3^rifluoroacetinud^^ 
5,89-duKthosy-isoGhToman 
(lR,3S>3^oximoe<hyl)-l (2,3 9 64ndeoxy-3Hnfluoroacetra 

5,8niiinethoxy-i60chn>inan 
MTrifliKTo^^mf^^Vy 1 )-^ , g^itti^hnTy isochioxnan 
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(!S\lS.3R)-Mlrifliiopro«rrtiim^ 

ly»oh«mpyimaoae)-in>iirfniMii 
(1 'R,lR,3Syi^c^S,&~dimt^%y-l(2^^y-2^oioe&yliinidi^3 ,4,6-«ri«cetyl-D-glucopyrmnoee>- 

ifwwhfirnun 

5 (1 'R, lR3S>3HK*to-5,S-dimethoxy4#^ 
iufchromiii 

(lR f 3S)«nd (lS f 3R)-3-Aceto-l (4^oroefoyhire^ 
3^ylthiocubon^ 
3^ylthiocMbany^ 
10 ^S'-toeytoM^lylVS, Wimc*i»xy tsodmansa 
HS'^loaumlyl^Wto^ 
(1'S, IS, 3RHK2*^\6 , -<rideoxy-I3 , ^flw»w^^^ 
dii»Dtiioxy-3-flcefc>-3-iD8thyl igo chromm 

(rs4S,3RHK4*i>«trobeni^ 
15 carbonyI-3-metfayl-5 f &-^ 
3K5*Ho^lou2Dlyl)-5 t H-dinieliioxy uochrooiam 
(rS4R3SHK4'-t>«trobMiiDyl^ 

tofyloxazolyl>5t&-dimBtfaoxy i a o chromn 
(l%lS3RMK4 , -pHutiob«^l-2 , 3\6 , ««i^^ 
20 lo^kuuuDriyl)-5 9 MiiDelfaoxy uocfannmn 

(l , S4S3RHK4 , jwtrobcpayfc2\3\6'-^^ 
to«ylaxamlyI)-5,Wk^ 

to0yicn^lyI>5,B-(iiniolhoxy iaochroman 
25 (l'S4S t 3R)-lK4 , -p^trobeozoyl-2 , 3%6 , ^rid«ixy-3 t ^ 
ta«ykwMolyI)~5,Wk>x^ 

c«fbooyl-3-rorA)4-5,Wiiw^ 
(rSJR^RHK^^tnjben^yl*'-*!^^ 
30 me^baxy^aibooyl-3-in^ 
(1 'S4R,3SHK4'-|Miitioben2^ 

mBdioxy<srbcmyl-3-izictfayl-5 f S-diniet^ 

(l*S4R,3R)-K4 , -|Mdtiob«aoyl-3 , -trifluc^ 
methaxy<aibcmyl-3-i^ 
35 (1 'S.IR, 3SHK4'-|wiitn>ben»^^ 

ctibcmyl-3-ii^yl-5 t Wiox<^ 

ciibonyl-3-niethyl-5,8^ox<>^, 
(1 # S,1S,3S) and (l'S^R^RH^'iHutrobcaioyW^flwmjaceUim 
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lyxohcuujpyi«i»08c)-3-»octyl-S,8-^^ . 

(1 *S4S,3S) and (rs^lRtaRHK 4 '*** 1 "* 8 "^ 
lyxofaexopyiaiK>8e)-3-acetyW^ 

(rS,lS;3S) and (VSASJRyHV-V*******^ 
5 lyxohexopynmoec)- 3 • cc^ l»3*in^yl-5 > &-diinBthoxy4ao dir oii Ma i 

(l , S4S,3R)-H4 , -f«itiobeoa>yl-3 , ^fhiora 

3MD0lfayl-5 9 8Hiiiiiethoxy-i8Ochio^ 
(rS,lS,3S) and (rsqS^RH^'^trobcnzpy^ 

lyxohexopyianoae>^^ 
10 (1 'S, 1S,3R)[1'S, lR t 3S]-5 t 8-din»thoxy l(2\3\6'^ridcoxy-3 , ^rifluon>ar^ 

(l # SJS t 3R)[l , S.lIU3SH^ , tS\*'-*^ 
lyxohcxcpyianoee)-^^ 

pyixn 

15 (1 'S.1S.3R) - 2>DiniBtiioxy-lK2\6 , ^decixy-3\4 , H^^ 
(1 , S4R,3S)-5,8-DiinetboKy^^ 

(1 9 S f lR^SVS-ttceto-l-Q' ,6 , -dideaxy-2 , -kKk>4^yxohtt^ 
(l'S4R^S)-5 > 8-DiaxcK3-acetcHl^^ 
20 dihydffptBOchroBMUi 
(l'S4S3R)-5,8-I>iaxo-3-*ceto-l^^ 
dihydnHsocfaromn 
(l , S4S3R>5,8-DiniBdioxy-3-Meto-lHC2\6 , -didew 
(rS4S,3R>3Hu*to-lK2\6 , Hiideo^ 
25 (rS,lR,3S) and (l'S^S^RVW-Dunethaxy-^ 
lyxx*cxopyT*i>08e)-3-«oeto^^ 
(rsaS3R>2>Diii»ttoxy-l^\ 
acoto ia ochroman 
(l , S4R f 3S)-5 t 8Hiutto-lK2%6 , -dkleoxy-3\4 , Hli^^ 
30 difaydrotBochronuui 
(l'S4R3S)-5 f 8HiKtto-3-aceto-l^ 
dihydroisochronuu) 
(l'S4R f 3S) and (rS4S3R>2>DiinetiioxyO^ 
4'-04ttetyl-Uyxahexopyi^^ 
35 (l^54S3R)-2^I>iinedioxy-3-ac^ 

lyxeAcxopyranoeeHaocfaronam 
(l^lR3S)-5,8-I>uM*haxy-3-«cet^ 

lyxohexopyrano6e)-isochrom&n 
(l'S^R^S^-acett^^^^'-trideaxy 
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S.MahydmBochioaiMn 
(l t S,lS t 3R>3Hweto-lK2\3%6 , -4rid«wy-2 , -io^ 

5,8-dihydioisocbxoman 
(l a S,lS,3R) and (rS4R3S)-5 t M>imDtlioxy-3-ac^ 
5 arabmohexopyrancee) isochroman 

(l'S4R3S)-5 f 8-I>iii»tnoxy-3-«cet^ 

isochroman 

(1'S,1R,3S) and (l^lS^R^-aceto-l^^'Hudeoxy-^od^ 
dihydroisochroman 
10 (1'S,1S,3R) and (l , SJR t 3S)-5 f Mifi»atoy-3-ac^ 
lyxohexopyranoae) iaochroman 
(l*S t lS v 3R) and (l%UU3&>5 f WtaMtb^ isoduoman 
(1'S,1S,3R) and (rsjR,3S)-5 f Wioxo-3-cceto-^^ 
dihydroisorhroman 
15 (1'S,1S>3R) and (rS4MS)-5 f 8^oju>-3-«ceto-lK2^ 



3HUX^5 t 8^oxo-3,4£,8^etrahydro-^^ 

I^^N-pnr^tfi ^rfmiWiiA^ iaocfaraman noemic 

(UU3S,1'S) and (1S,3R, l'S>4tfe%HH2\3\4\6'^etradra^ 

20 ^KbwJiOTnpyiMiniiifrV^ pyian-3-yl) 

ketone 

1-O^-BOCO-pqMridinaniBlfaanol^ isochroman, mixture of isomers 

(1'S,1R,3S) and (1*S,1S,3R) - 2,5-Diineu»xy-lK2\6'H^ 
lyxohexopyranoae)-3 ac ctoisochroman 

25 

73. A compound according to claim 1 selected from the group consisting of : 



Methyl (l-methoxy-5J0^oxo-3,4^10-tet^ formate 
30 Methyl (l-methoxy-5, 10-dioxo-5, 10^yd^lHH»phnio[2 r 3-c]pyrin-3-yO formate 
l-Methoxy-5 t 10-dioxo-5, 10^ydro-ffl-iiaphtho[2,3^]p^ arid 
(IS, 2'S, 3R) and (1R, 2*S t 3S)HnethyKHO-N.BOO<erine methyl stcr]-5,10-dioxo-3,4,5,10- 

tetrahydro*l-H««iaphtho [2,3-C] pyran-3-yl) ketone. 
33 bis (methoxycaibonyl^SJOHto^ pyran 
35 (1R,3S) and (lS^R)-3-Aceto-540^ioxo-l (4sAloroeaiyliireido cyclohexyl<exy)-3,4,5 J(Metrahydro- 
lH-nahtho42,3-c]-P!ynn 

(3-N-unidazolylpropylH-n^^ 

(1 'sJS^RhH^'i^trobeiuoyl-S'Hrifluoroac^^ 

ca*onyl-3-*nBtfayl-540Kuo^^ 
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(1 'S v 1R* 3S)>1^4 *-p^tiobenaoyl-3^fiaoroaoet^d^ 

tosyloxaxolyl)-5 9 104k>xo-3,4 9 5 JO-te^ydrc>-lH-i»phtbCK[2,3<]-py^ 
(1 'SASt3*>l<4'*P^tnibcttiD 

tosyloguuolyl^lOHtioxo^^lO-u^^ 
5 l-rnethOTy-3-ac*tyl-5 t 10^^ 

3^anaceuyl-l-iiiethoxy-5 9 10Ku'c^^ 

MefeyH6^yamy-5 9 l(^oxo-3,4 9 54 ketone and metfayl-(9- 

hydroxy-S.lOHttoxo^AlO^^ ketone (BGH- 

2062) 

10 3-oce^5 9 10^oxo-3 9 4 9 5 9 104etnhydi^^ 

3-branioscetyl-5 v lO-dioxo-3,4,5, 104eiiihydiD4H-oaphu^ 
3^'-*miiwtbixzolyl>^ 

15 74. A compound according to claim 1 selected from the group consisting of: 

540-Dioxo-3-(pn>psne-2'4m)^ 

lyxohexo-pyrana6e)-3 V 4 V 5» 10-tetrahydio-lH-naphtho-{2 9 3-c] pyian 
(IRt 3SHH2'3\6'^rideoxy-3 , -trifltiomcetaim 
20 lyxobexopyTano8o-2-yl)*5 v lO-dioxo-3,4,5, 104etrabydro-lH-iiaphmo [2,3-c] pyran 

(IS, 3R>lK2' t 3\6'^rideoxy-3'^fiuoioncetam^ 

lyxolieaopynnc^2-yi)-5 9 10-dioxo*3 f 4»5 pyian 
(l'S, 1R. 3S)-5 9 l&4kxxo-3-n»to 

nitrobeaaoyl-Myxohexo-pyiBnow^^tS^ 104etrahydro-lH-naphtfao42,3^h)yran 
25 (l'S 9 IS, 3RV5 9 10^xo-3-mBthoxyni6th^ 

mtrobcna^l-l^yxotoo^yfanoee^^^, 104etnmydio-lHHiapbifao-(2 9 3-c]-pyian 
(l'S 9 1R. 3RV5 9 10Hikixo-3^yl-l<2' 9 3%6*-tridm 

Iyxoiiexof7fano8e)-3 9 4 9 5 9 104etnu pyian 
(l'S, IS, 3S>-5,10Hik>xo-3H^yl-l^\3\6 1 -^ 
30 lyxobexc^yrano8e)-3 v 4,5,10-teb^ 
(1*S, IS, 3R)-5 9 10^oxo-3-isopropyMK2\3\6'4ria^ 

lyxohexo^)yianose)-3 9 4 9 5 9 10^etnh 
(l'S 9 1R» 3S)-5 9 10«ikixo-3-isopr©pyMK2\^ 

lyxctoopyrancwe^^^JO-tetrahydfo^ 
35 (l'S, 1R 9 3Sy5,lC^oxo~3-iBOpropenyMK2\3\6'^^ 

L^yxohexo-pytanose) 3,4^,10-tetribydro-lH-iiaph^^ 
(l'S, IS, 3RV5 9 10^oxo-3-iBopropeny^^^ 

L-lyxohexo^pynmose) 3,4,5,10-tetrahyo^lH^iaphth^ 
(l'S, 1R, 3SHso|nopyHl^\3\6 t ^rideoxy-3 > ^rifliioi^^ 
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]yxolifixapyntttt8e)-5,^ 
(1 # S, 1R, 3S), and (l'S, IS, 3R)-540<I»ox<>-3-iaopi^^ 

3 ' 9 trifluonMC6Umxdo4 '-Oi>^trobeDZDyl-I^l)^Qhexoi>ynuio6e>-3 ,4 ,5, 104etrahydro- 

lHHun*iho42,3<]-pynui 
5 (1*S, IS, 3R)-540-dioxo-3-uBprapra^ 

iutrobeoxc>yl-I^lyxobeKOp3rrnMMe>3 > 44t 10-totfihydro-lH-iuphlbo^,3^h)yf«n 
(1'S, lS)-5J&4k>xo-3>diiD^ 

nitrobenxoyl-I^lyxohex^^ pynm 
(l'S, 1R, 4R>-54(^oxo-*^yMK2\3\6 , -t^^ 

(l'S f 1R, 3S>54C^axo~3-pbMyloxyn^^ 

nitrobepaoyl'L^yxohexopy ianoae}-3 »4,5> 104etr^ydrc^lHHMf^tbo-{2,3<] pynm 
(rS,lS,3S) and (l*^4*R,34l)-3<[2\3\6'4Rii^y^ 

lyxoh«xopyru>oee)-540Kiioxo^ 
15 (l'^J-R,3-R)-3^2*^6--tri<leray^ 

540-dioxoO,4»5 9 104etfahyd^^^ 
(l'^4-I^3^)-ineQiyHH2\3\6M^ 

tfcao»3,4,5,10-tetiahyd^ 
(rS4S,3R) and (rS J-R,3-R>-3KI2\3\6 , -tri<^^ 
20 tynahexopyrano6o}-5, 10-410X0-3,4,5, 10-tetiahydiooMphto^ > 3^)-pyian^ 

(rR4R,3SX-3-aceto-5,10^oxo-l-(2-d^y^ 

3,4,5,IO-totr«hydro-lH-fi*phth^^ 
(l t SJR f 3S)-l^ , -T>^trobcnzoyl-3 , ^fliKOTar^ 

caibonyl~3-inethyl-5, lOniioxo-4,5, 104hhydn>-lH«fliaphth<>-[2 t 3<]-pyxaD 
25 (l v S4S f 3SHK4'-p^tiobearoyl-3'^riftiiofoaoetan^ 

cari>ofiyl«3HiK^l-5,10Hik>x^ 
(1 , S4S t 3S>H4'-p^trob*oi^I-3 , ^f .e'^rideoxy^yxafaexopyn^ 

5, lMk>xo-3,4,54<Metiah^ 
(rS.lR3R) and (l%lS,3SHK4'^trobcMoyI-3M^^ 
30 tyxahfixopyianoee>3-a^ 

thiopynm 

(l'S4S,3S) and (l'S4S,3R)-H4 , -p-flitrobcn^^ 

lyxohexopynno6e>3HK^l-3Hi^ 
pynm 

35 (l'S4S,3RHH4'^nt)beroyl-3'-tri^^ 

mediyl-5 f 10-dioxo4,5 t 10-trihydir>-lH-napiithD-I2 t 3-c]-pyran 
(1 'S,lR,3SHK2\3\6'4ri<feoxy4'-p^ut>be^ pyrano8e)3- 

dunethyl-phoqtoiire 
(l'S4S,3R) and (rS4R,3SH^\3\6'-tridroxy^'^^ 
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pvraiiooe)3-diiiietfayl^^ 
c>pyran 

(l'S t lS3R>-methyl-<6 sod 9-hydroxy-l-{2' ,3 ' ,6 '-trideoxy-3 ^fluonw^mido^'^Muirobenzoyl'L- 
lyxctocjiyiaiM^ 
5 ketone 

75. a phOTiaftwttwnii c omposi tion according to cUim 4 wherein said compound is combined with an 
agent facilitating targeting of said combination to tumor or cancer cells. 

10 76. A pharmaceutical f^pyftaiHcw according to claim 69, wherein aaid agent is selected from the 
group *wi«riwtg of monoclonal antibodies, polyclonal antibodies, protein*, and liposomes. 

77. A pharmaceutical composition according to claim 71, wherein said agent it selected from the 
group *-™^«*"f ofmooockwMl antibodies, polyclonal antibodies, proteins, and liposomes. 

15 



78. A method of tre at ment of tumors or cancer said method comprising the step of administering to an 
animal, a therapeutically effective amount of at least one compound according to claim 1. 



79. A method for the treatment of tumors or cancer aaid method comprising the step of adnmustering 
20 to an animal, a therapeutically effective amount of at least one compound or combination of clinically 
defective agents according to claim 2. 



80. A method according to claim 79, wherein said animal is a mammal. 
25 81. A method a co ar diag to claim 80, wherein said mammal is a 1 



291 

SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 



Inks mil Application No 

PCT/CA 93/00463 



IPC^^ C07D311/92 C07D311/76 C07D335/08 

C07D221/06 A61K31/70 A61K31/35 A61K31/38 A61K31/435 

According to Intonation*) Patent Qinficaoon (IPQ or to both national damficahcm and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (damficition system followed by classification symbols) 

IPC 5 C07H C07D A61K 



Documentation searched other than minimum documentation to the extent that such document! are included in the fields searched 
Electronic data base consulted during the internaoonal search (name of data base and, where practical, search terms used) 



Category' 


Citation of doaanent, with auneanon. where appropriate, of the relevant paoafc* 


Relevant to cUun No. 


X 
Y 


PATENT ABSTRACTS OF JAPAN 

vol. 11, no. 349 (C-456) 14 November 1987 

& JP.A.62 120 379 (HOECHST JAPAN KK) 1 

June 1987 

see abstract 


1-3,60, 
61,78-81 

1-38, 
60-81 


X 
Y 


W0.A.91 19725 (IAF BIOCHEM INTERNATIONAL 
INC) 26 December 1991 
cited in the application 
see the whole document 


72 

1-38, 
60-81 


Y 


EP.A.O 475 473 (PHARMACHEMIE BV) 18 March 
1992 

cited in the application 
see page 6 - page 7; claims 


1-38, 
60-81 



m 



Further documents are listed tn (he continuation of box C 



Patent family members are 



of cited 



*A* document defining the general state of the an which is not 

considered to be of parucular relevance 
"E* caruer document but published on or after the international 

filing date 

'L* document which may throw doubts on pnonty daun(s) or 
which is catcd to esubush the publication date of a— *»— 
atatton or other specul reason (as specified) 

*0* document referring to an oral disclosure, use, < 



later 

or pnonty date i . 

ated to understand the principle or theory underlying the 



*P* document published pnor to the international filing date but 



ffihittSgd after the international filing date 
: r and not in conflict with the application but 



*X" document of particular relevance; the daimed mvenhon 
cannot be c on s i der ed novel or cannot be cormdered to 
mvolvc an inventive step when the document is t 

*Y' document of particular rdevance; the clainxd mvention^ 
cannot be c ann d crcd to involve an inventive step when the 
document is combined with one or more other such doci> 

»— t mcb rtttnfrinp*"™ being obvious to a f * ** 
mthearL 

*&' document member of the same patent family 



Date of the actual completion of the international search 

25 March 1994 


Q 7. M. 94 


Name and mailing address of the ISA 

European Patent Office, P.R 381 8 Patenttaan 2 
NL-22S0HV Rijswtjk 
Tel. (+ 31-70) 340-2040, Tx. 31 6S1 cpo nl, 
Fa* (+31-70) 340-3016 


Aiahorueo officer 

Day, G 



Form PCT/ISA/210 (Ncontf iM«l> >»M) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



1mm oil Application No 

PCT/CA 93/00463 



CycentaaaoB) DOCUMENTS CONSIDERED TO BE RELEVANT 



CHejory* I Qtanoo of document, with mdicuion. worn .pproprutc of the relevant puafo 



TETRAHEDRON LETTERS . , 

vol.32, no.39, 1991, OXFORD GB 

pages 5279 - 5282 

SINGH S.B. ET AL 'Structure and 

Stereochemistry of Thysanone: A Novel 

Human Rhinovirus 3C-Protease Inhibitor 

from Thysanophora penicilloides 

see page 5280 

JOURNAL OF THE CHEMICAL SOCIETY, PERKIN 
TRANSACTIONS 1, 1990, LETCHWORTH GB 
pages 2163 - 2174 . 
ALDERSLEY M.F. ET AL 'Pyridimum Ylides in 
Syntheses of Napthopyrandiones and in 
Regioselective Synthese of Acylated 
Anthraqui nones Related to Fungal and 
Bacterial Metabolites' 
see page 2164 

JOURNAL OF ANTIBIOTICS., 

vol.29, no. 7, July 1976, TOKYO JP 

pages 704 - 709 

H0EKSEMA H. AND KRUEGER W.C. 'Kalafungm. 
II Chemical Transformations and the 
Absolute Configuration' 
see page 705 

JOURNAL OF ANTIBIOTICS., 

vol.44, no.l, January 1991, TOKYO JP 

pages 103 - 107 

DEVYS M. AND BARBIER M. '6-0 

Demethyl-5-Deoxyfusabarin and its Anhydro 

Derivative produced by a mutant of the 

fungus Nectria Haematocca blocked in 

Fusarabin biosynthesis 1 

see page 103 

JOURNAL OF THE CHEMICAL SOCIETY, CHEMICAL 

COMMUNICATIONS., 1981, LETCHWORTH GB 

pages 534 - 535 

CH0RN T.A. ET AL 'Synthese of 

Naphtho[2,3-c]pyran-5,10-quinines using 

Cerium Ammonium Nitrate* 

see the whole document 



1-4,13, 
20 



1,3.26, 
28 



1.3,26 



1,3,26, 
28 



1.2 



Fonn PCT/TS/V/110 <amtmu*uon of nam* tbfmt) <J»»y 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



I ippHnrion No. 

PCT/CA93/ 00463 



Box 1 nhtftwtwtiit where certmin daims were found unsearchable (Continuation of item 1 of first sheet) 



Toil international search report has not been estabEihed in respect of certain claims under Article 17(2X*) for following reasons: 



1. I X I Claim i No*-: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Remark: Although claims 73-81 are directed to a method of treatment 
of the human/animal body, the search has been carried out and 
based on the alleged effects of the compound/composition. 



□ 



Claims Nos.: . L . , . 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



□ 



Claims Nos.: , . , fft , , . 

because they are dependent chums and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of hem 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



| | As all required st M t wm ^ starch lees were timely paid by the applicant, this international search report covers all 



1 . 

searchable claims 



2. | | As all searchabk csamu ooatd be searches without effort justifying an additional fee. this Authority did not invite payment 
of any additional fee. 



3. n As only some of the rcouvwi tddsmal starch fees were timely paid by the applicant, this international search report 
covers only those damn for wtucc fees were paid, specifically claims Nos^ 



4. n No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nosj 



stearic on Pretest J^j The additional search fees were accompanied by the applicant's protest. 

j~" | No protest accompanied the payment of additional search fees. 



Form PCT/ISAS210 (continuation of first sheet (1)) (July 1992) 



INTERNATIONAL SEARCH REPORT 

uifbnnatioD on pattnt Cunity t 



ail Application No 

PCT/CA 93/00463 



Patent document . 
cited in search report 



Publication 
date 



Patent family 
member(l) 



Publication 
. date 



W0-A-9119725 



EP-A-0475473 



26-12-91 



AU-A- 
CN-A- 
EP-A- 



8097391 
1058781 
0533744 



07-01-92 
19-02-92 
31-03-93 



18-03-92 



NL-A- 
CA-A- 
JP-A- 



9001834 
2048510 
4297486 



16- 03-92 

17- 02-92 
21-10-92 



Fm PCT/ISA/J10 (pttaat family ion) (July IMS) 



r 




